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BEPORT OF THE PLANNING COMMITTEE FOR GEOPHYSICS 


I.-APPOINTBIENT OF THE PLANNING COBIMITTEE, 

1-1. With a view to clojity ideas regarding the development of geophysical 
■work in India in the post-war period, and plan the geophysical work of the India 
Meteorological Department in co-ordination with the geophysical work of other 
•Government Departments, like the Survey of India and the Geological Survey and 
of TTniversities and other Research Institutions, the Director General of Obser¬ 
vatories, after a pieliniinury discussion with officers of the Survey of India and of the 
•Geological Departnient, proposed to Government in December 1945 the setting 
•up of a Planning Committee for Geophysics with representatives of the Survey 
of India, the Geological Survey, the India Meteorological Department and other 
interested Departments of Government. 

1.2. The Government of India, Posts and .4ir Department, in their letter No. 
18-M/10-45 dated New Delhi, the 21st January 1946, constituted a Committee con¬ 
sisting of the following members “ to corwider and report on the question of organis¬ 
ing and developing in India institutions dealing with the study of Geophysics. ” 

(1) Prof. M. N. Saha, F.R.S.. Coimcil of Scientific and Industrial Research. 

(2) Dr. J. de Graaff Hunter, C.I.E.. Sc. D., F.R.8., Survey of Iiidia, 

(3) Brigadier E. A. Glennie, C.I.E., D.S.O., Survey of India. 

(4) Mr. D. N. Wadia, M.A., F.N.L, Adviser on Mineral Development, 

Department of Works, Mines and Povrer. 

(6) Dr. W. D. West, Sc.D. (Cantab.), F.N.I., Geological Survey of India. 

(6) Dr. G. Dessau, D.Ing. (Mining), Geological Survey of India. 

(7) Dr. S. K. Banerji, O.B.E., D.Sc., F.N.I., India Meteorological Department. 

(8) Dr, K. R. Ramanathan, D.Sc., F.N.I., India Meteorological 

Department, 

The Director General of Observatories was authorised to convene such meetings 
•as were required for the purpose. At the first meeting of the Committee which 
■was held at Calcutta on the 4th and 5th February 1946, the Comnuttee elected 
Professor M. N. Saha as its Chairman. In amplification of the Government’s direc¬ 
tive, the Committee decided that it should— 

(1) prepare a plan for geophysical work in India making full use of the existing 

institutions, expanding them wherever necessary, 

(2) define the fields of responsibility of different departments and institutions 

and suggest methods of co-ordinating the work as a whole, 

(3) prepare plans for a Central Geophysical Institute, 

(4) work out the requirements as regards finance and personnel, whichever 

is necessary. 

In view of the importance of Hydrology as a branch of Geophysics, the Committee 
recommended that representatives of the Central Board of Irrigation or similar 
bodies should be invited to be members of the Committee. Accordingly the Govern¬ 
ment nominated Rai Bahadur A. N. Khosla, Chairman of the Central Waterways, 
Irrigation and Navigation Commission and Mr. N. D. Giilhati, Secretary to the 
Gentral Board of Irrigation, to be members. Brigadier Glennie left India on leave 
in March 1946, and his place was taken by Mr. B. L. Gulaiee, Mathematical Adwiser 
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to the Survey of India. Dr. Graaff Hunter retired in April 1946 and Col. J. B. P, 
Angu'in, Deputy Surveyor General, was appointed a member. For the last meeting, 
Col. Angwin’s place was taken by Col. C. A. K. Wilson. 

1.3. The Committee held seven meetings in all, one at Calcutta on the 4th and 
5th February 1946, the second at New Delhi on the 25th March, the third at Bombay 
on the 2nd September, the fourth, fifth and sixth at New Delhi on the 25th November 
1346, the 9th January 1947 and 10th March 1947 respectively and the seventh 
at Simla on 11th and 12th June 1947. Considerable work was also done by informal 
discussion between members. The Committee in their deliberations considered 
both the scientific and economic a.spects of different branches of Geophysics, and 
after reviewing the present position of their development in this country, made 
recommendations on the lines on W'hich they should be further developed. 

n.—PROVINCE OF GEOPHYSICS—OR THE PHYSICS OF THE EARTH. 

2.1. Geophysics is the study by physical methods of the earth on which we 

live—land, water and air. Methods have been developed by experimental physicists 
for the precise measurement of the physical properties of substances and of the 
phenomena taking place around us. Theoretical physicists have developed methods 
for the analysis and interpretation of fields of force due to bodies of varying shapes, 
sizes and dispositions—fields of gravitational attraction, of magnetic force, electric 
force, etc. Artificial disturbances can be created in the earth’s crust as by the ex¬ 
plosion of dynamite, and their effects studied. Geophysics is “ a middle-ground 
science, since it shades off imperceptibly in one direction or another into the fields 
of Physics, Astronomy, Geology, to say nothing of Biology with which the subject 
of Oceanography is closely connected. Some branches of Geophysics such as Meteo¬ 
rology, Terrestrial Magnetism, Geodesy and Oceanography have long had a more 
or less independent existence.For various reasons, among which may be men¬ 

tioned the development of geophysical methods in prospecting for oil and minerals, 
there has lately been a considerable development of interest in Geophysics Geo¬ 
physical prospecting has emphasized the interdependence of the various branches 
and the necessity of considering Geophysics as an integrated Earth Science. 

For the purposes of the Committee, Geophysics was taken to include :— 

(i) Geodesy including measurements of gravity, 

(ii) Seismology and Tectonophysics, 

(iii) Terrestrial Magnetism and Earth Currents, 

(iv) Geophysical Prospecting, 

(v) Meteorology including Atmospheric Electricity, 

(vi) Hydrology, and 

(vii) Oceanography. 

A statement summarising the scope of each of these sciences adapted from a 
note prepared by Dr. J. A. Fleming of the Carnegie Institution of Washington for 
the American Man-Power Commission is given below. 

2.2. Geodesy deals with the mapping of the Earth and its configuration, the study 
of the effect on latitudes of the wobble of the Earth’s axis, and the general and local 
variations of gravity. Geodesists triangulate the surface of the Earth for making 
maps, and run accurate levels to establish what are called bench-marks which are 
points of known elevation in order that the elevations of the various points of the 
Earth may If dftermined for railways, highways, streets, sewers and its many 
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©ther modern rieeded improvements. Sensitive balances and pendulums and other 
means are used to determine the variations in the pull of gravity. A plumb-bob. 
does not always point directly towards the centre of the Earth, but may be jndled 
somewhat to one side by the proximity of a mountain range, or by a deposition of 
heavy body of ore. The accurate determination of the variation in the pull of 
the Earth is very important to the geophysical prospector a,s it provides a means for 
studying the distribution of density in the Earth’s interior without actually .seeing 
it. Geodesy is thus very important to all the other branches of Geophysics which 
utilise in their daily work the knowledge which Geodesy provides, 

2-3. Seismology is the study of earthquakes. Earthquakes are caused by breaks 
and movements in the crust of the Earth, The quake or wave travels both through 
and around the Earth. It gets reflected or refracted at internal surfa(fts of dis¬ 
continuity. Through the study of past earthquakes, considerable knowledge has 
been gained of the way in which these waves travel and of the internal structure 
of the Earth. By means of delicate instruments called seismographs, it is possible 
to locate the source of an earthquake from a distance. In recent years, seismology 
has come into prominence in connection with the design of buildings, inasmuch 
as earthquake-resistant structures can be built. Again, the geophysical prospector 
has used methods that have been developed by seismologists to study the interior 
of the Earth, so that scisraograpbic exploration by artificial explosions and the re¬ 
cording of their effects at a number of surrounding points, is today one of the chief 
means of geophysical prospecting. Seismology is closely related to Geodesy in 
that earthquakes frequently produce local changes in elevation and position. 

Tectonophysics is that broad field of the Earth Sciences that deals with the geo¬ 
logical structure within the Earth’s crust and the causes that bring about changes 
in that structure both gradually and suddenly. It is closely related to structural 
geology, seismology and volcanology. Tectonophysics further deals with the study 
of the physical properties of the crustal materials of the Earth, and their behavior 
under intense hydrostatic pressures and high temperatures such as exist in the 
interior of the Earth. 

2.4. Terrestrial Magnetism deals primarily with the natural magnetic field of the 
Earth. Accurate magnetic maps arc needed by mariners and e.xplorers for directing 
their courses. Terrestrial Magueti.sm lia.s of late found great importance in connec¬ 
tion with air navigation. Inasmuch as disturbances in the magnetic field of the Earth 
affect telephone, telegraphic, radio and wireless telegraphic communications, the 
importance of Terrestrial Magnetism to communications has grown greatly in 
recent years. The Earth’s magnetic field is very much affected by particle.s and 
wave radiations emitted from the Sun, and there is an important link between Torres-, 
trial Magnetism and the cosmic sciences. In recent years Terrestrial Magnetism 
ha.s also come to involve to a certain degree the modified magnetic fields that man 
is able to produce in his laboratories for special study such as atomic and nuclear 
physios and electronics generally. Among the many new secret devices that played 
an important part in the last war were the device for protecting ships against 
magnetic mines and the odograph or automatic map maker that was used 
extensively in jeeps and other vehicles of the armed services. In addition to 
being closely related to the mapping aspects of Geodesy and ihe navigational aspect 
of Oceanogaphy, Terrestrial Magnetism has long played an important part in civil 
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engineering generally, and in recent years, tlie variation in the magnetic field due 
to the presence of ore-bodies of varying magnetic quality, has provided, a nseful 
method in Geophysical prospecting to determine the nature, of the contents of 
the Earth. 

The problem of natural electric currents in the Earth has important relationships 
to Terrestrial Magnetism. A magnetic storm is invariably accompanied by an in¬ 
crease in the earth-currents which play an important part in the disruption of commu¬ 
nications under such conditions. The study of these currents both under normal 
and unusual circumstances is a work of scientific and practical importance. Elefc- 
trical methods are now extensively used in Geophysical Prospecting. 

2.-i. Geophysical Prospectiny relates to the study of the interior of the Earth 
by .suitable physical methods. It thus uses the instruments of the geodesist in 
determining the variations in the gravitational pull of the Earth, and the seismolo¬ 
gist’s methods of studying the movements of waves through the Barth. Study 
of the local variations in the magnetic fields of the Earth reveals the presence of un¬ 
derground ore bodies. Electrical methods are used to locate non-metallic and 
metallic ores and water-bearing strata. In boring for oil, the discovery of the same 
is helped by logs of the electrical resistivity and of the porosity of the traversed 
strata ; and in the hands of the specially trained geologist, these logs facilitate also 
stratigrapliical correlations. Geophysical Prospecting is usually undertaken for 
comnrercial ends, although fundamental knowledge regarding the crustal layers 
of the Earth also emanates from it. In general it may be said that the growth of 
geophysical prospecting has emphasised the importance of the various branches 
of the Earth sciences and their mutual interdependence. 

2.6. Meteorology is the- science of the atmosphere enveloping the earth, and as 
such, weather and climate form the most important parts of it. Meteorology is 
closely related to Hydrology which is the branch of Geophysics dealing with th» 
waters of the Earth and to Oceanography and Atmospheric Electricity. There 
are certain other less obvious relationships to Seismology and Volcanology. Thun¬ 
derstorms, atmospherics and the flow' of electric currents in the earth’s atmosphere 
are closelv related to Meteorology. Meteorology is essential for sea and air navi¬ 
gation. The measiiremeut of potential-differences within and above the earth and 
in clouds and of the flow of current between the earth and the atmosphere are very 
important in various fields of science and is of great interest to the Electrical 
Engineer. 

2.7. Hydrology may be defined as a study of the waters of the land areas of the 
earth, their distribution and disposition, and the development of these waters for 
the use of man. It involves a study of the water from the time it reaches the earth 
as precipitation (including its intensity and distribution) until it is returned to the 
ocean or to the atmosphere. It is therefore closely related to Meteorology and to 
Oceanography. It includes not only the waters on the surface of the earth but 
ground-water as well. Hydrology is important in engineering, not only in connec¬ 
tion with the proposed gigantic structures like the Damodar, the Mahanadi and 
the Kosi dams but also for planning extensions of wells' tank^ and tube-wells. 
Water-supply, inland navigation, water-power, flood-control, sanitary engineering, 
irrigation, and drainage all involve aspects of hydrology. 

Agricultural workers are interested in Hydrology because of their importance 
for w’ater-supply for farms and fields. Ground-water Hydrolpgy is sometimes 
accepted to be a branch of Geology although engineers interested in water-supply 
are equ.ally interested. 



5 


The study of the dynamics of streams, the erosion, transportation and deposition 
of materials, and the study of lakes and lake-beds are also part of this Inroad field. 

Hydrology involves snow-survey work in regions in which melting snows arc 
an important factor in water-supply, such as in the Himalayas. This in turn is 
closely related to the scientific study of the physics of snow, the formation of snow- 
crystals, snowfall and movement, temperature-gradients in snow-hanks, and the 
melting of snow. 

Glaciology as related to living glaciers is a special branch and its study is of 
great intere.st both fundamentally and as throwing light on catastrophic floods 
in fiig rivers, as in the Indus by the burst of the Shyok Dam, 

2-S. Physical Oceanography is concerned roughly with three-fourths of the .surface 
of the earth. It deals with the tides and currents of the ocean, its shores and beds, 
the physical and chemical pro])erties of the water, evaporation from its surface, 
and formation, niovcment, an<l dissipation of icebergs. The plant and animal 
life, that e.xists in the ocean is usually considered under Marine Biology. Oceano¬ 
graphy is likely to develop considerably because of its close relation to Meteorology, 
and tf) Hydrology and to Marine Biology. It is also closely related, in connection 
with the study of the ocean bed, to Tectonophysics, and »uay likewise involve certain 
aspects of Seismology and Volcanology. The charting and mapping of the ocean 
falls under Hydrography which may be considered to be a part of Geode.sy. 

in.—THE POSITION OF THE GEOPHYSICAL SCIENCES IN INDIA WITH 
SPECIAL REFERENCE TO THE NEEDS OF EXPLORATION GEOPHYSICS. 

3.1. In India, the development of the geophysical .sciences has so far been largely 
in the hands of Gov.ernment departments. The most prominent among them have 
been the Survey of India, the Geological Survey of Imiia, the India Meteorological 
Departuient and the Irrigation Uepfertments of the Central and Provincial Govern¬ 
ments. Work on the hydrography of the oceans round India l-.as been mainly in 
the hamls of the Boyal Indian Marine, but ofiicer.s of the Zoological Survey of India 
have co-oj)erated with them in various oceanographic invc.stigations. 

The, objectives of the V'arious Government departments have been the .scientific 
collection and consolidation of data pertaining to their various biauche.s and the 
practical utilisation of them for governmental and public purposes. The economic 
objective has been kept in mind, but somewhat in the background. 

Jt is generally agreed that the time has now come to emphasi.se the economic 
objective. Economic mineral deposits are usually associated with defined or de¬ 
finable geological structures. They often occur in pockets overlain by less useful 
deposits. Surface indications are not everywhere available and geophysical investi¬ 
gation of selected parts of India for such mineral depo.sits, and for buried geological 
structures which are likely to prove productive of economic mineral deposits, is 
a very important application of geophysics in India. Examination and survey 
of deeply buried minerals which are beyond the scope of surface geological survey.s 
should, it is considered, be undertaken with the aid of the techniques of electric, 
gravimetric, magnetic and seismic explorations of the sub-surface. These methods 
have given good rc.sults in other countries like the U. S. -4., U. K. and U. S. S. R. 
and it is considered possible auccessfrdly to map features down to 4,000-5,000 ft- 
and under favourable conditions to even 15,000 ft. 

Mr. D. N. Wadia in his note on “ Geophysical Surveying in India ” has explained 
the importance and urgent need for a geophysical investigation of certain parts 
of India where rocks of the Dhanvar and Go/ndwami systems as well as rocks of the 
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Eocene age, all of which are economically productive, lie hidden under alluvial 
cover along the 3,000-4,000 mile border of the Indo-Gangetic plains, or under the 
Ia\'as of the Deccan. Mr, Wadia recommends that initial exploratory studies should 
begin at an early date for the locating of ore-deposits, coal-seams, petroleum and 
other minerals at first in the alluvhim area and then in the areas of exposed rocks, 
e.g., ]iroductive oil-fields in parts of Sind, Punjab and Assam, workable coal-deposits 
underlying the lava flows of the upper Mahanadi and the Godavari, the copper¬ 
bearing areas of Singhbhum and other parts of Bihar, Sikkim, Jaipur ; or the lead- 
zinc mines tract of Udaipur, Hazaribagh, etc- 

Mr. Wadia has also listed in his note, problems of interest in the general geology 
and structure of India which can be tackled by geophysical methods. Two of them’ 
are;— 

(1) Proving extent, height and length of the buried ridge under the alluvium 

of tire Punjab, detected by the gravity survey. This ridge is believed 
to he the cause of water-logging over large parts of irrigated I’unjab; 

(2) studying the bottom profile of the Indo-Gangetic trough by .seismic re¬ 

flection and magnetic method.s. 

We shall now briefly review the work that has been done in India in the various 
branches of Geophysics. 

3,2. Geodesy including measurements of gravity. 

References.—X)v. Graaff Hunter’s notes on “ Gravity work in India and Burma ” 
and on “Programme for the Frost Gravimeter”. Mr. D. N. Wadia’.s note on 
“ Geophysical Surveying ih India ” and corre.spondence with Dr. Graaff Hunter. 

3‘2-J. The accurate survey niap.s of India and bordering regions on various scales 
which have been pi'oduced and distributed in large numbers throughout the country 
and which find daily use in all a.spect.s of national life including aviation and engineer¬ 
ing are the most important and obviou.s practical contributions of the Survey of 
India to the development of the country. The. Survey of India took up gravity 
work as a fundamental scientific problem in geodesy with the object of determining 
the elliptieity of the earth along a central meridian. As it was fbund that the 
geoid differed sensibly from a sj>heroid, the work was extended. A general gravity 
survey of the whole country (India and Burma) with the aid of the pendulum was 
carried out between the years 1906 and 1939. 600 gravity stations were occupied, 
the average distance between .statioirs being about 70 miles. This has provided a 
fairly complete pictine of all the major regional anomalies of the gravity field. 
Attempts have been made to bring the results into geological relationship by 
Glennie. The Survey of India did not aim at intensive studies vyhich will help 
commercial exploitation, but has carried out experimental observations for the 
location of manganese reef near Baintek (Central Provinces) and some preliminary 
work in the mica belt of Biliar. A clo.ser network of stations would be required 
to bring out the local anomalies. 

On the other hand, oil companies in India have used .since over 20 years in 
Bengal, Assam and Burma, finst the torsion balance, and later on the modern gravi¬ 
meters, for making detailed gravity surveys. Some work has also been done in 
Northwest India. The Burma Oil Company have recently published a full account 
of their work in Northeast India in the Quarterly Journal of the Geological Society, 
Boiidon. 

The Punjab Irrigation Research Institute carried out a gravitational survey 
of the .sub-alluvium of the Jhelum-Chenab-Ravi Doal)s during 1927-30 by means of 
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a. torsion balance, but the survey was suspended in 1930 due to financial stringency. 
The work has been published as Research Publication, Vol. 6, No. 1 of the Punjab 
Irrigation Research Institute. 

3.2.2. The iSurvoy of India’s objectives as regards gravity-work are as follows ;— 

India is now covered by a comprehensive network of protected primary hench- 
marLs which area bout 50 miles apart, and inscribed bench-marks which 
are about 1 mile apart. The levels of these are accurately known and 
they are generally along roads, railways and canals. 

The Survey of India propo8e,s— 

(1) First, to cover by a network of gravity stations ])riority areas in which the 

Geological Survey and the Mineral Adviser to the Govt, of India have 
expressed special interest. These can be used as reference stations for 
later detailed work ; 

(2) To connect the e.xisting pendulum stations and improve their precision; 

(3) To cnimect the existing levelling bench-marks of India by comparative 

gravity measurements ; 

(4) Generally to aim at providing a ten-mile network of gravity stations 
all over India without relative error anywhere exceeding 1 milligal 

—3 -2 

= 10 cm. S3C. 

The Survey of India is acquiring a Frost Gravimeter, a very sensitive instrument 
which has been use(l extensively in America for exploration purposes and with 
which gravity surveys can be made with greater speed. 

It is hoped that the priority programme indicated by the Mineral Adviser and 
the Geological Department will be completed in about 3 years, but the time for the 
completion of the whole jirogramme cannot be estimated at jiresent and it will 
depend on the ex]3eriencc gained with work in the priority areas. 

3.2.3. ]. The following resolution was passed at the second meeting of the 
Committee ;— 

“It was resolved that the Committee strongly supports the general scheme of 
the Survey of India to cover the whole country with gravity stations 
at intervals of 10 miles. It considers that it is of vital importance 
and highest priority that such work should be carried out in the. following 
regions with a view to aid the development of the mineral resources 
contained in these areas 

(i) the South and Southeastern margin of the Deccan traps; 

(ii) the eastern margin of the rocky terrain comprising the coal-fields of the 

Dharwar area in Bengal ; 

(iii) the northern border of the Vindhyan ])lateau, especially the desertr 

covered Rajputana portion.” 

During subsequent discussions, the representatives of the Survey of India made 
it clear that while the Survey of India ultimately intended to cover the whole of 
India with a network of gravity stations at about 10 mile intervals in pursuance of 
normal scientific investigations forming part of their purely departmental programme, 
they would first tackle areas in which other departments and agencies expressed 
an interest, from the point of view of economic exploitation of minerals, so as to 
provide an accurate liasis for further detailed studies of selected areas by those 
departments and agencies. Furthermore, since these' ojrerations would form part 
of the departmcjital programme no useful purpose would be served in providing 
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details of personnel and costs which will be fcorne by the Survey of India budget. 
The Survey of India would expect to secure information as a result of preliminary 
operations with the gravimeter which, combined with indications from depart¬ 
ments and agencies as to work of urgency, would enable them to consider plans for 
expansion of staff and provision of further instruments. 

3-2-3'2. The following resolution was adopted at -the seventh meeting of the 
Committee :— 

“The Punjab Irrigation Department may be requested to see if it is possible 
for them to continue the work of gravitational survey of the sub^alluvium of the 
Jhelum-Chenab-Ravi Doabs which was suspended in 1930 due to financial stringency. 
In case the Punjab Govt, do not iiitend to proceed with the work the Torsion Balance 
which is a costly instrument may be transferred to some other Department who 
may be able to find use for it.” 

3-2-4. The following resolution regarding gravity measurements at sea was 
also passed in the first meeting 

“ It was resolved that the Committee is of opinion that it is very necessary to 
carry out a systematic programme of gravity observations in oceans 
around India and for this purpose it is recommended that one or two 
submarines may be placed at the disposal of the Survey of India to carry 
out gravity observations i)i the seas in co-operation with the Royal 
Indian Navy,” 

3 3, Seismolciy and Tectono-Pbysics. 

References — 

(1) Dr. W. D. VV'est : Presidential address on “ Earthquakes in India ” to 

the Section of Geology and Geography—Indian Science Congress (1937). 

(2) Report of the Conference called by Government to formulate proposals for 

a proper seismological organisation in India (held on 18-1-1936 at the 
Geological Survey Office, Calcutta). The members of the Conference 
were the Surveyor General (Brig. H. J. Couchman), the Director of 
the Geological Survey of India (Dr. A. M. Heron) and the Director 
General of Observatories (Dr. C. W. B. Normand). 

(3) Dr. K. R. Ramanathan : “ Note on Scheme for Seismological Observatories 

in India. ” 

3-3-1. The Geological Survey of India, beginning from the times of Dr. T. Oldham, 
has been taking a keen interest in the study of seismology iii India, for nearly three 
quarters of a century now. In 1883, Dr. T. Oldham compiled his valuable Cata¬ 
logue of Indian Earthquakes from the earliest times to the end of A, D. 1869 . 
Since Oldham’s time, the after-effects of every major earthquake in India (and Burma) 
have been studied in the field by officers of the Geological Survey. Mr. R. D. 
Oldham’s classic memoir “ On the Great Assam'Earthquake ” of 1897 gave a great 
impetus to the study of seismology all over the world—in that it made clear the 
occurrence of three main types of earthquake waves which travel from the focus. 
As a result of the earthquake studies of the Geological Survey, the relationship 
between the geological structure of the country and the liability for occurrence 
of earthquakes has become well established. 

3-3-2. The cognate studies of the Survey of India on gravity anomalies suggested 
to Brigadier Glennie the idea that areas of negative anomaly or “ downwarps 
in the Earth’s crust are areas most liable to earthquakes. But there are important 
areas of negative anomaly in South India which are entirely free from earthquakes. 
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The correlation of these areas of negative anomal}’ with the geological structure 
is a difficult one and lecjuires further elucidation. 

3-3-3. The fir.st seismograph in India was installed l>y Dr. Moo.s at Bombay 
in 1898. More instruments of the eye-reading type were later installed by the India 
Meteorological Department at Simla, Calcutta, Kodaikanal and Agra, and by the 
Survey of India at Dehra Dun. Sensitive photographic recording instruments 
(of the illilne-Shaw type) were installed at some of the observatories of the India 
Meteorological Department in 1922-25 and later at Hyderabad and Colombo. 
Dr. Banerji s studies (>1 microsei,sm8 made with the.se instrumente at Bombay have 
led the way in recent yeai s to the development of a method of locating the position 
of storms at sea. 

3-3-I. In 19.88, the India Meteorological Department with the co-operation of 
the Survey of India, the Director of the Nizamiah Observatory and the Superinten¬ 
dent of the Colombo Observatory began to is.suc a (piarterly seismological bulletin 
m which the analysed data of all recorded shocks were pre.sented. For many years 
previously (since 1908), the India IMe^teorological Deirartment had been publishing 
information about ‘ left shocks collected from observers of the India Meteorolo¬ 
gical Department. 

Thus, although in a way, the Geological Survey of India, the Geodel ic Sur- 
ve}’ and the India .Meteorological Department were taking interest in’Seismology, 
there was no co-ordinated sustained .study of the subject. As stated by the 1936 
Comniittee in their repoi t “ In none of the three departments, however, is the subject 
studied continuously : the smaller earthcpiake .shocks receive little or no attention. 
There is no branch of tlie service nor any particular officer whose dutv it is exclusi¬ 
vely to St ml y earthquake problems or to keep abreast witli seismological re.search. 
In Japan the earthcjiiake ju'oblem is recognised to be of vital importance because 
nearly the whole of the country lies within the seismic zone. There are over a 
hundred seismological observatories in Japan. Dr. Banerji, in his note of 1st August 
193i). lias pointed out that the Tokyo Imperial University has a special seismolo- 
gica) department whicli maintains 25 .seismological instruments of different types 
in Continuous action in Tokyo itself. There is in Japan a large number of trained 
Seismologists who work e.xclusively at .seismological problems. The United States 
of Ameri< a lias over 10 seismological observatories at .some of which there are scien¬ 
tists who devote themselves .solely to seismological problems. In India, however, 
there are only 7 seismological .observatories and no whole-time seismologists 
The Comniittee recommended the formation of a Seismological Branch under the 
administrative control of the Director General of Observatories under the technical 
supeiyision ol a tommittee consisting of the Director General of Observatories, 
the Dii'ector of the Geological Survey and the Surveyor General. 

3‘3-6. Towards the end of 1939, the Government after much persuasion decided 
to make a start, and created a po.st ol “ SpecialOffcer for Seismological Re.search ” 
in Centj'al Service.s Class II ol the India Meteorological Department with a staff 
of one clerk and one peon and in Januarv 1946, the post was changed to that of 
“ Seismologist ” in C'la.ss I. 

3-3-7. The whole (piestion was reviewed by the Geophysical Planning Committee 
in its first and second meetings and the following resolution was passed at its second 
meeting :— 

Tn view of the many huge .s<’heme.s of cfm.struction which are now being under¬ 
taken in the earthquake zone of India and the risk of damage 
to them by earthquakes, the Committee strongly recommends that 
the seismolosical organisation recommended by the Seismological 
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Committee of 193G should be implemented as early as possible with 
minor alterations. The Committee emphasised that a person of first 
rate ability for the post pf Seismologist should be selected early, so 
that the organisation can proceed at a rapid rate.” The objectives 
of the Section will, for the present, be as stated in paragraphs 4 and 5 
of Dr. Ramanathan’s note, viz .:— 

\'«) Purchase, or better, construction, and installation of instruments, to 
measure tlie accelerations, periods and amplitudes of ground movement 
in earthquake zones with a view to provide data for designing earth- 
(piake-resistant buildings and structures. 

{h) Organisation of seismographic observatories to determine the distri¬ 
bution and frequency of earthquake shocks in the earthquake zones 
including study of minor shocks that precede and follow major earth¬ 
quakes. 

(c) Determination of the depths of earthquakes and of the velocities of 
travel of earthquake waves at different depths in different regions, 
and 

{d) study of microseisms associated with disturbed weather in Indian seas. 

3-S-8. Special attention should be paid to the study of eartb movements at 
sites of big dams like the Sukkiir barrage in Sind, proposed dams across the Kosi, 
the Sutlej, the Teesta and the Daraodar rivers. 

A note from the Coast and Geodetic survey, U. S. A., on planning a network 
of seismological stations is given in Appendix 9. 

The aim should be to complete the present programme of development m five 
years from the date of sanction. 

The Committee is unanimou.sly of opinion that as recommended by‘the Seis- 
mologioal Committee of 1936, the Headquarters of the Seismological Organisation 
should be at Shillong. The Committee also recommends that a subsidiary station 
should be established at Barahakshetra in the Kosi Catchment. 

Towards implementing the above resolution, the India Meteorological Depart- 
.ment has made proposals to Government to pxpand its organisation for Seismology 
involving a capital expenditure of Rs. 2 lakhs (excluding cost of buildings) in 1947-52, 
and a recurring expenditure which will increase from R.s. 0-27 lakh in 1947-48 
to Rs. ()-82 lakh in 1951-62. The Government of India have accepted the 
proposal. 

3’3-9. The above programme does not take into ac(;ount the development that 
is needed for tlie purposes of seismic prospecting. In these metliod.s. e.xijlosjve 
charges are detonated at depths of 10 to 100 ft. and more, to send impulse.s into 
.the earth’s crust, and these impul.ses (miiuature eartlKiuakc waves) aj'e picked up 
by very .sensitive seismographs placed at different distanoes from the explosive 
charge. From measurements of the times which elapse lietwcen the shots and arrival 
of the impulses at the seismometers, deductions can be drawn in many instances 
about the form and depth of rock layers below ground. Seismic methods have 
■been extensively used in oil exploration and for d(fterraining tlie depth ol ice, in 
glaciers. They will undoubtedly bo of great value in determining the contours of 
the bedrocks under the Indo-Gangetic alluvium. The study and dei'elopment 
-of these methods should be taken up by the Ueological Survey of India and the 
proposed Geophysical Institute. The experience and knowledge of the India Meteo¬ 
rological Department, it is expected, will be of great assistance in these developments. 
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3 ' 4 . Terrestrial Silagnetisin and Terrestrial Electricity. 

References— 

(1) Dr. Banerji’s note on “ Post-war plan for Geophysical Institutions " 

(2) Dr. J. de Graaff Hunter’s note on “ Terrestrial Magnetism work in India 

and Burma ”. 

(3) Dr. Ramanathan’s notes on— 

(a) “ Scheme for Magnetic, earthcurrent and cosmic-ray observatories in 

India. ” 

(b) “ Note on Earth Currents ”. 

(c) “ Brief Summary of the work done by the Carnegie Institution of Washing¬ 

ton. ” 

(4) Mr. B. L. Gulatee’s notes on “ Magnetic Programme ” and “ Secular Varia¬ 

tion of magnetic declination in India”. 

3-4-1. A brief history of the work on Terrestrial Magnetism done by the India 
Meteorological Department and by the Survey of India is contained in the notes 
by Dr. Banerji and Dr. Graaff Hunter. At one time, there were/our magnetic obser¬ 
vatories in India and one in Burma. At present only the Magnetic Observatory 
of the India Meteorological Department at Alibag near Bombay remains. The 
importance of the continuance and the extension of systematic work on this subject 
will be clear if we remember the following points :— 

(1) India occupies a large part of the earth’s surface and the magnetism of the- 
esirth is one of its most important physical properties. In addition 
to a general variation of the magnetic field over the surface of the earth, 
it exhibits regional and local variations. Moreover, the earth’s magne¬ 
tic field undergoes periodic and non-periodic changes some of which are- 
due to phenomena taking place in the upper atmosphere (ionosphere)- 
of the earth and some to long period changes within the earth itself. 
The measurements made at the Indian observatories, Bombay and 
Trivandrum, have been responsible for a substantial addition to know¬ 
ledge of the earth’s magnetic field. The observatory at Bombay (now 
at Alibag 16 miles south of Bombay) is nearly a century old with a 
continuous record of observations (from 1847) and is providing valuable- 
data for studying the secular variation of the earth’s magnetic field, 
a phenomenon whose cause is not yet understood. 

The Government of Bombay has been pressing from time to time the urgency 
of providing electric supply to the Alibag town and this department 
has been resisting the demand on the ground that it would interfere 
with continuity of the records of this very important observatory. 
But with the development of the electric grid-system in the Bombay 
Presidency jRid increasing pressure from the public, the resistance 
cannot be continued indefinitely and the transfer of the Alibag Olrser- 
vatory to a nearby site will have to be immiediately taken up. Such 
a transfer will involve the taking of comparative observations for 2 
or 3 years at the new site and at the present site at Alibag before the 
Alibag Observatory is closed down so that the continuty of the 100- 
year series of observations is not broken. The India Meteorological 
Department has asked the Bombay Government to suggest suitable 
alternative sites. 



■(2) In 1933, tlie International Union for Geodesy and Geophysics strongly 
recommended the re-starting of a magnetic observatory in the neigh¬ 
bourhood of Cape Comorin in view of its proximity to the magnetic 
equator. The old magnetic observatory at Trivandrum, after a very 
active life under Alan BrounUccame practically extinct by 1870. There 
is only one other magnetic ob.sorvatory in the world near the magnetic 
equator—at Huancayo in Peru maintained by the Carnegie Institution 
of Washington. It is important that a large country like India should 
maintain a few well-distributed magnetic observatories, both for scien¬ 
tific and for immediate practical reasons. 

(3) Airmen, navigators, engineers and exploration geophynsicists require accurate 
magnetic maps. The maps now in general u.se were those prepared 
by the Survey of India from observations made on the field with portable 
instruments between the years 1901 and 1913 and corrected for diurnal 
and other variations by comparison with observations made at five 
fixed observatories at Bombay, Dehra Dun, Barrackpore, Kodaikanal 
and Toungoo (in Burma). Continuous observations with self-recording 
instruments at fixed observatories are necessary in order to correct 
the field observations for regular and irregular variations. 

3-4‘2. In 1914, a Committee appointed by the Government of India (consisting 
of Sir Gilbert Walker, F.R.S., Captain R. H. Thomas, R.C., the Surveyor General 
and Mr. J. de Graaff Hunter) recommended that for scientific purposes the Survey 
of India should maintain three ob,serva.tories at Dehra Dun, Toungoo and Kodaikanal 
in addition to the India Meteorological Department’s observatory at Bombay, 
but that Barrackpore could be closed. Since then, all the observatories except 
the one at Bombay (Alibag) have been closed down for one reason o/other. The 
1914 (/ommittee also contemplated a second magnetic survey in 1935 or 1946 in 
order to bring the magnetic maps up-to-date, A partial survey was made in 1930 
occupying stations in Northwest and Central India. In 1943, the requirements 
of the military showed up inaccuracies in the magnetic maps and most of the 80 
repeat stations in India and Burma were re-occupied in 1943-44 with a view to 
revising the maps. But “ the results are of lower precision than what was formerly 
achieved in that full correction for diurnal change and minor disturbance.s could 
not he made, lacking observatory cover 

Dr. Graaff Hunter’s remarks regarding the future of magnetic survey are repro¬ 
duced below 

“ Since 1914, the balance between scientific and economic objectives has 
undoubtedly shifted. From a scientific point of view, it is desirable 
to reopen at least Dehra Dun and Kodaikanal Observatories or alter¬ 
natives to them. I understand that the observatory at Kodaikanal, 
transferred to the Director, Solar Physics Observatory in 191G and closed 
in 1923 still exists. That of Dehra Dun is no longer available and is 
under orders of demolition. It has been sugjjpsted that a new obser¬ 
vatory should be constructed in Debra Dun district outside the range 
of electrical developments and that with it should be associated earth 
current mea.surements. A site which I believe will serve both purposes 
has been provisionally selected after enquiries made as to the anti¬ 
cipated electrical developments in the neighbourhood. Situated some 
15 miles from Dehra Dun, u is reasonably accessible, which would permit 
personnel employed to keep in touch with wider scientific activities 
at Dehra. 
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Kodaikanal (latitude 10°-2 N longitude 77°'5W) lies some 70 miles north of the 
agoni(; line (zero dip) which passes close to the southern tip of India. 
There are some advantages in using the old Observatory rather than 
building a new one elsewhere. 

rroin the Survey of India point of view, and I think also for geophysical reasons, 
there is good reason for a regular programme of reoccupation of the 
Repeat Stations at intervals of five years. To my mind they give the 
secular changes, required particularly for keeping declination up-to-date, 
more practically and completely than can be derived from a limited 
number of observatories. The information is of increasing importance 
for aerial navigation. Indeed for such reasons I cousider that additional 
Repeat Stations should be created and maintained outside the land 
boundaries of India in collaboration with other external agencies. A 
limited number of well choset Repeat Stations will serve to keep up- 
to-date all land and maritime magnetic surveys. ” 

The present position regarding magnetic “ Repeat Stations ” has been stated 
by Mr. B. L. Gulatee as follows :— 

“ There are 67 Repeat Stations in India, 12 Repeat Stations in Burma and 
1 in the Andamans. The Indian stations have all been visited from 1943 
to 1945, but owing to non-existence of observatories, the results have 
not been reduced with full refinements. Stations depending on Alibag 
and Dehra were reduced for Alibag alone and others were not reduced 
at all. 

It is no use observing now or a year hence, because the secular variation deduced 
from such a short period will be burdened with considerable error. 
Energies must first be directed to rehabilitations of the older oljser- 
vatories. ” 

« * * * ♦ ■* * 

A visit to the Repeat Stations during 1943-45 revealed that the sites of some 
of them were becoming useless for magnetic observations, due to cons 
traction of buildings containing iron and the proximity of habitated 
areas. In order not to lose the continuity of our magnetic work, it was 
decided to select fresh suitable sites after taking simultaneous compara¬ 
tive observations at both the old and new ones. There were 23 such 
stations out of which 16 were observed last year and 7 will be observed 
this year. Actually, the continuity has been broken already in two 
respects :— 

(a) By discontinuance of continuous magnetic observatories, 

(b) By lack of observations at Repeat Stations in intervening years resulting 

" in ignorance of S. V. for the.se years. Hence, rate of variation of S. V. 
cannot be determined. Nothing was done till 1931, when about half 
of India was done—being the portion deemed to be covered by Debra 
and Colaba Observatories, the rest being deferred till Kodaikanal 
and Toungoo were reopened. After that, nothing till 1942-44 when 
we visited all Repeat Stations except Burma. ” 

The Committee at its second meeting, passed the follqwing resolution 
regarding magnetic observatories 

It was resolved to recommend to Government that the number of magnetic 
observatories in India and its neighbourhood should be increased to 
5 as in the tht^ past. One of these should be in South India near the 
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magnetic equator, one at Alibag or its neighbourhood, one near Dehra 
Dun, one in Baluchistan and one in Burma, and earth current obser« 
vations should be undertaken at the Observatory near Dehra Dun and 
the one in South India. The programme of work to be undertaken is 
given in the note prepared by Dr. Ramanathan ”, 

The Committee also agreed that the Alibag Observatory should be shifted to 
a site not likely to be invaded by electrical installations for a long time. 

Regarding magnetic survey, the following resolutions were passed:— 

“ It was resolved that (i) the Committee is of the opinion that the Survey of 
India should take magnetic observations on a fundamental grid with 
stations at intervals of 10 miles which, apart from scientific and naviga¬ 
tional uses, will serve as a basis for the detailed economic prospecting 
which would be undertaken bji the Geophysical Section of the Geological 
Survey of India ; 

(ii) the protection of magnetic repeat stations from encroachment by structures 

containing iron or electric power lines within a range of 100 yards 
is necessary, as these are destined for the determination of magnetic 
secular variation necessary for the maintenance of up-to-date magnetic 
maps (declination, inclination and horizontal force). The Committee 
accordingly recommends that each of the 90 repeat stations should 
be declared protected areas of the Survey of India. ” 

It was agreed that if during the course of the magnetic survey work qiade by 
the Survey of India,, any anomalies were found, the information should 
be passed on to the Geological Survey for further detailed investigation. 

(iii) Arrangements should be made to maintain continuous registrations of 

earth currents in at least two stations in India, one in South India near 
the magnetic equator and another in Northern India in the Indo-Gangetio 
alluvium of the Punjab or the United Provinces. 

3.5. Geophysical Prospecting. 

References — 

(1) Mr. D. N. Wadia’s notes on “ Geophysical Surveying in India ”, and his 

correspondence with Dr. Graaff Hunter. 

(2) Mr. Wadia’s note on “ Visits to geophysical stations in England ”. 

(3) Dr. West’s note on “ The Geophysical Section of the Geological Survey 

of India—its programme and aims 

(4) Dr. G. Dessau’s notes on “ Geophysical Prospecting in India ”. 

(5) Dr. P. K. Ghosh’s note on “ Summary of the recent work on mineral springs 

of India by the Geological Survey of India ”. 

The importance of employing geophysical methods for geological prospecting 
work in this country has already been pointed out in the introductory remarks of 
Section 3.1 of this chapter. 

3.5.1. In this section we shall summarise (1) what has been done in this country 
and (2) what is proposed to bo done by the existing organisations, particularly by 
the Geological Survey of India, regarding the employment of geophysical methods 
for geological purposes. 

Dr. Dessau in his note on “ Geophysical Prospecting in India ” has given a good 
summary of the work that has already been done in India. Messrs, P. Evans 
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and W. Crompton of the Burma Oil Company have discussed in greater detail 
the results of the Company’s gravimetric work in India and Burma in a paper 
‘ ‘ Geological factors in gravity interpretation illustrated by evidence from India 
and Burma ” in the Quarterly Journal of the Geological Society and in a further 
paper on the same subject in “ Science and Culture 

The most important geophysical investigations, apart from the fundamental 
work of the Survey of India, done so far in India are ;— 

(1) the use of the Eotvos torsion balance to study the slope of the hidden surface 

of the bed rock under alluvium in the Punjab (N. K. Bose and B. H. 
Wilsdon); 

(2) gravity surveys in northeast India, Burma and parts of the Punjab and Sind 

under the auspices of the Burma Oil Company ; these Surveys cover 
an area of about 330,000 square miles according to the figures by 
the Bmma Oil Company, and were preceded by some torsion balance 
work, and accompanied and integrated by electrical resistivity, seismic 
refraction and seismic reflection surveys. 

(3) surveys by other private oil companies in possible oil-bearing areas in Western 

Sind and Baluchistan; 

(4) geophysical surveys by the Geological Department of the Mysore Govern¬ 

ment on sulphide ores, gold reefs, graphite deposits and determination 
of the depth of water table. The Mysore Geophysicist has also deter¬ 
mined the depth of bed-rock along the site of the proposed dara across 
the Godavari; 

(5) application of electrical, magnetic and gravimetric methods by the Geolo¬ 

gical (Survey and the Survey of India for (o) prospecting for mica peg¬ 
matites (elecdrical methods), (6) prospecting for manganese ores (gravi¬ 
metric and magnetic methods), and (c) for dam foundations, river sand 
supplic.s, water resources, etc, (mainly electrical methods), (d) prospecting 
for iron ores (magnetic methods), (e) delimiting geological boundaries 
and potentially coal-bearing areas in coalfields (electrical methods). 

3.5.2. The Geological Surrey's 'programme. The Geological Survey have recently 
started a Geophysical Section under the charge of Dr. G. Dessau, an experienced 
Geophysicist. The Section is now concentrating attention on recruitment and 
training of young geologists and geophysicists for geophysical work, organisation of 
a laboratory iind workshop for building and testing instruments for field work, and 
organisation of field work for sefiving specific problems. Already now, less than two 
yeark after the starting of the Geophysical Section, the number of officers engaged 
on geophysical work is about eighteen, together with a .similar number of surveyors 
and .specialised workmen ; but further increa.ses of tlie .staff will soon follow. 

(1) The Geopliysical Section will for the moment concentrate on numerous 

iuiinediatc prol)le,m.s eonneeted with dam foundations, river .sand supplie.'^, 
mctalli!V'i(in,s and coal deposits, etc., using mainly electrical and magnetic 
methods, shallow-depth seismics and the so called other “ minor 
nietliod.s 

(2) A.s a long-range .scheme they will keep in their programme the .study of the 

bottom of the. Indo-Gangetic trough. This problem will, it is expected, 
keep at work officers and equipment temporarily freed from other imme¬ 
diate commitments. 
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(3) The Section will build up a laboratory and research organisation at Head¬ 
quarters to deal with the determination of the geophysical properties 
ofrocks, with development and testing of equipment, with model ex¬ 
periments and with interpretation of results. 

What the India Meteorological Department and the Survey of India propose 
to do by way of establishing observatories and carrying out systematic survey-work 
has already been indicated. 

3.5.3. The note by Dr. P. K. Ghosh mentioned at the beginning of this section 
gives an idea of the work which has been done by the Geological Survey on mineral 
springs in India, their rates of flow, temperatures, radioactivity, chemical contents, 
etc. It is possible that some of them will be suitable for commercial exploitation. 
The Geological Survey hopes to bring out a monograph on this before long. 

3.5.4. Dr. M. S. Krishnan, Superintending Geologist of the Geological Survey 
■of India, has recently been sent to tho United Kingdom to study the work that is 
being done there on uranium and other radio active minerals. This subject is, 
-however, being handled in detail by the Atomic Research Committee. 

3.5.5. The recommendations of the Committee for co-ordinating the existing 
resources and developing them are given in the form of a resolutiqn passed at its 
fourth meeting: 

As an interim measure, the Committee was of opinion that a Standing Commit¬ 
tee consisting of the following should (;ie formed with the object of:— 

(i) co-ordinating the existing resources of the scientific departments and 

universities in Geophysics for research, fieldwork and training of 
personnel, 

(ii) developing these resources, and 

(iii) implementing the recommendations of the Committee for a Central 

Geophysical Institute.” 

The suggested composition of the Committee is as follows:— 

Representatives of— 

(1) The Survey of India. 

(2) The Geological Survey of India. 

(3) The India Meteorological Department. 

(4) The Central Waterways, Irrigation and Navigation Commission, and 

(6) Two representatives of the National Institute of Sciences of India. 

3.6. Meteorology and Atmospheric Electricity. 

References .—Dr. Banerji’s note on “ Atmospheric Electricity ” and 'Dr. Rama- 
nathan’s note on “ Scheme for magnetic, earth current, and cosmic-ray 
observatories in India 

By reason of India’s extensive (soa.stline, the size of the country, and its position 
on international air-routes, and the value of sea borne traffic for her economy, 
the importance of an efficient meteorological service is obvious and needs no .special 
emphasis. Wen-orgaiii,sed meteorological observatiorrs arc also re(.]uii'ed for other 
national purposes such a.s agriculture, irrigation, and public liealtli. Meteorology 
proper was not discussed by the Committee because the subject was alieady receiving 
full attention from the India Meteorological Department and there were in existence 
an Atmospheric Research Committee and a Services Committee dealing with it. 
However, Meteorology in its relation to Hydrology was discussed and the conclusions 
are set out in a later section under Hydrology. 
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Tho work so far done in [iidia on utmosphcrie. electricity lias been mainly by the 
India Meteoroloj^ical Department at its Observatories at Simla, Bombay and Poona, 
although some work has also been done by individual workers in universities. The 
Indian work has made substantial advances in our knowledge of the elctricity of 
thunderstorms and of rain and snow. The Department has recently started work 
on the timing and location of atmospherics or electrical disturbances clue to thunder¬ 
storms. The recording of potential gradient is being done at Cohiba and Poona, 
but active work on the subject ol‘ atmospheric eleidricity is somewhat in abeyance 
owing to lack of staff and organisation. Tho f-Vimmittee recommendecl (1) that work 
on atmospheric electricity should be .systematically pursued at Bombay, at a northern 
Indian station like Delhi or Dehra Dun, at (^ah-utta and at a South Indian station 
near the magnetic equator ; and ('2) it would bo advantageous to associate the earth 
current and atmospheric observatories with the tnagiictic olismvatories wherever 
possible. 


3.T. Hydrology. 


Reference .—^Note dated ?»Oth August 1946 by i\1r. N. D. ftulhati. Secretary, 
Central Board of liTigation. on tlic “ Present ]K>sitiou and proposals for 
the collection of basic hydrologic divta in India 

3.7.1. The Central Board of Irrigation, tbo Agriculture, Irrigation and Forest 
Departments of different Provinces and States, the India Meteorological Department, 
the Geological Survey <jf India and the Central Waterways. Irrigation and Navi¬ 
gation Commission are all interested iu the study of this subject. The growth of 
large-scale undertakings necessarily involves as precise a knowledge as possible 
of the water-income from rain and snow, loss of water by evaporation and other 
vrays, overground storage as snow or irs water, underground storage, flow of water 
in rivers and the quality of their waters. CVmsidering the size of the country and the 
variability of the factors involved, the amount of data to be collected is very large, 

3.7.2, There are about 3,000 raingauges over the country maintained under 
various Provincial, State and local administrations. The India Meteorologioal 
Department has been the main agency for standardising and collecting rainfall 
and snowfall, temperature, humidity, wirnl and evaporation data. The Central 
Board of Irrigation has, duiing the last few years, taken much interest in collecting 
various Mnds of hydrologic data and their publication. It is luiderstood that there 
are other raingauge stations maintained by various proviiuMtd and State departments, 
the data from which are not inclmhsd in the published Annual Rainfall Data. As 
regards run-off of rivers we liave some, information coller-tefl in the Punjab. Sind 
and Madras. There is also som<< system of olwcrving water levels in wells in tho 
Punjab, Sind, the United Provini es and B<»ml>ay. More work is required to .stand- 
dardise the methods and publish tbo rcsidts in a systeiuaticr mannor. 


■j'7 -i. At a meeting held on llic TOth Augu.il lOlfJ botwcou represoutulivos 
of the ('outciil Waterways, [iTigatio»i and Niivignt ioii Cominissiuu uii l the India 
Metcorologiial Department, an Olllco • of ike Piinj.tb Irrigat imi Depacimciib and the 
Secretary, Cenlnil Board of irrigiilisni, riie general policy for Hie colieeiioti of some 
of the basic hydrologic, data, in tlii.s count ry and also the sjtccia l reqnmMrient.s of tlie 
Kosi, Damodar, Mahanadi, Sone, Cbamhal. etc., iMti luuenis were dis(ms.iod. 
copy of the proceedings of this meeting is given in .Appendix 21. Recommendations 
relate to the foliowii^ topics:— 

(1) Precipitation (both rainfall and snowfall); study of amounts and 
frequencies of intensities. 


b2 
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(2) Snow surveying (above snow-line). 

Related meteorological data such as temperature, humidity, wind, evapora¬ 
tion, etc. 

3.7.4. The Central Waterways, Irrigation and Navigation Commissjon has under- 
consideration a plan of river-gauging and discharge observations aa all the important 
rivers of the country. 

3.7.5. The Central Board of Irrigation, at its annual meeting held in November 
1946, passed resolutions recommending the collection of various hydrologic data. 
A copy of the resolutions is given in Appendix 22. 

The main points about the recommendations are ;— 

(1) Precipitation.—4.a) The total number of raingauge stations should he increased 
so that the amount of water falling as precipitation can be estimated correct to' 
within 10 per cent, over each important catchment in the country. Snowgauges 
should be installed at a sufficient number of high level stations in the Himalayas. 

(b) Self-recording raingauges should be installed at 10 per cent, of the India 
Meteorological Department observatories and of new stations to l>e set up in 
catchment areas in connection with projects. 

(c) All rainfall observatories in India should come under the standardising 
and inspecting influence of the India Meteorological Department. They should 
continue to compile and publish all precipitation data. Unpublished data should 
be scrutinised and published. 

(d) Detailed studies of frequencies of rainfall intensities, trends, etc,, should 
be made for each individual catchment. 

(2) Snow-Surveying. —Dr. J. E. Church* of the Agricultural Experimental Sta¬ 
tion, Nevada and the President of the International Commission mr Snow should be 
invited to come out to India in the spring of 1947 to advise on snow-surveying in 
the river catchments of the Himalayas. 

(3) Related meteorological data. —The number of stations recording related 
meteorological data should be increased considerably. In hilly areas, there should 
be at least one temperature and wind recording station at every 2,000 ft. interval 
of height. 

(4) River flow and discharge. —Along every important river in the country, gauge 
and discharge sites should be established at a number of points along its length 
and regular observations maintained for a period of at least 20 to 30 years. The 
collected data should be published in a standardised manner. 

(5) Ground wetter supplies. —An inventory should be made of the work already 
done and being done in the country. The actual investigations regarding under¬ 
ground water-supplies should be mainly the responsibility of local administrations, 
but the Central Waterways, Irrigation and Navigation Commission's organisation 
should assist in standardising and co-ordinating the work. Studies on infiltration 
and subsoil flow should be undertaken at Irrigation Research Institutes. 

(6) Quality of natural ivaters. —The chemical contents of subsoil waters have 
toffie investigated and tracts in which irrigation by subsoil water causes deterior¬ 
ation of land demarcated. Silt contents of rivers and their variations should be 
atudied. 


*Dr. Church has since visited India and led a survey party to the Teesta and Kosi basins 
{mde 3’7‘6 below). He ^d members of the party are now preparing full reports which, when received, 
ahould be considered by the Standing Committee for Geophysics after which suitable recommendations 
•hotdd be made to the Government. 


(7) The research and inspecting organisation of* the India Meteorological 
Department should be expanded so that they can improve and expand the hydro¬ 
meteorological organisation in this country. 

(8) The work of the hydraulic research laboratories in India (and Ceylon) should 
be expanded so that they become first class research stations. 

(9) The Central Waterways, Irrigation and Navigation Commission and the 
Central Board of Irrigation should recommend standard apparatus and methods 
for making river discharge measurements and collection and publication of river 
discharge data ; and 

(10) A study should be carried out of the water balance of a defined catchment 
taking into account as scientifically as possible all the factors which enter in the 
Tvater economy of the catchment. For this purpose, it has been proposed that 
;the Damodar Catchment should be chosen for investigation. 

3.7.6. These recommendations were generally approved by the Geophysical 
Planning Committee at its Bombay meeting on 2nd September and at the Delhi 
meeting on the 25th November 1946. 

Dr. Church came out to India in March 1947 and snow-survey parties visited 
snowfields in the Teesta and Kosi Catchments in April and May 1947. The 
Dentral Waterways, Irrigation and Navigation Commission and the India Meteoro¬ 
logical Department are taking all necessary action for implementing as many of the 
above recommendations as possible. 

The committee notes that the number of discharge gauges is very inadequate 
and urgent steps should be taken to provide an adequate number of discharge gauges. 
The United States of America has about 10,000 (ten thousand) stream gauge stations, 
while in India we have hardly 200. 

3.8. Oceanography. 

Reference.—H t. Earauinathan’s note on “Physical Oceanography ”. 

The note prepared by Dr. Eamanathan on Oceanography was considered. Sys¬ 
tematic collection of information about air and sea temperatures, salinity, tides, 
ocean currents, etc., at different depths in Indian waters is of great interest to meteo- 
rologi-sts and marine biologists. ITie study of marine .sediments and their past 
fl iid present environments is developing into a new branch of science of great import¬ 
ance for our understanding of the history of the earth and of the origin of petroleum. 

The Committee recommends that a plan for the development of oceanography 
should be worked out by another Committee consisting of :— 

(1) Members of the present Planning Committee for Geophysics, and 
,(2) Eepresentativea of :— 

{a) the Eoyal Indian Navy, 

(6) the Zoological Survey of India, 

{c) Provincial Governments which maintain Departments of Fisheries, 


IV.—CENTRAL GEOFHTSICAL INSTITUTE. 

Reference .—Professor Saha and Mr. Sen’s Scheme for a Central Geophjraical 
Institute for India. 

In his proposal to Government for the constitution of the Planning Committee 
for Geophysics, the Director General of Observatories suggested that the Committee 
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shoald consider the question of setting np a Central Geophysical Institute which 
would keep itself up-to-dato iu all the latest developments regarding geophysh^al 
research and geophysical })iospoctiug and would itself undertake research on such 
developments, 1)0 able to give advice on qucstiuj»s of prospecting by physical methods 
and undertake such prospecting. 

Tlio question was discussed in a general way at the first meeting of the Committee 
held at Calcutta in Fehruiiry, J94G. The impoi tiincc of developing an organisation 
for training sjtccialists who will he able to undertake geoi)l)ysical exploration an<l 
interpret the results, was empliasised and the following tentative conclusion wa.s 
recorded:— 

“The Commit toe is of ojtinion that India should have a Central Geophysical 
Institute which siiouhl work in close collaboration with the Survey 
of India, Geological Survey of India and the Meteorological Department 
and should have a cotistitutioii .similar to those of the National Physical 
and Chemical liuhoratories. Its location requires more considciatiou. 
It should undertake fundameutai work in : (a) the measurement of 
gravity. (/)) seismic methods of prospecting, and (c) magnetic and electrical 
surveys. It should have an annua) programme of field work which 
should be planned in consultation with the. above departments. It 
slionid also eneoinago teachens of Physics and students from different 
universities to come t)) it and undertake research work in different 
branehes of Geophy.sics. ” 

Professor Saha was asked to prepare a plan for the proposed Institute. 

In the thir<l meeting (Bombay, September 1946) various members expressed 
the view that the provision of courses and facilities for research work in Geophysics 
should be the function of the universities; tliat the Siirvey of India and the Geolo¬ 
gical Survey of India were pmviding facilities for advanced studies and research 
in the branches of Geophysics in which they arc concerned; therefore, it would be 
unnecessary duplication if the proposed Institute was to do the same or similar- 
work. The conclusion of this meeting, as summarise by the Chairman, Mr. Wadia, 
in winding uj) the debat»', was as follows:— 

“ That while the me(?ting reiterated the aims and objects of a Central Institute 
for Geophysics as defined in the proceedings of the first meeting of the 
Committee at ('alcutta, the establishment of a full-fledged Institute 
with its own laboratory and workshop, library and professorial e.stab- 
lishment in all the different branches of geophysics would involve a 
heavy outlay and aI.so a certain amount of duplication of work already- 
being done or proposed to be done by the different departments. There¬ 
fore, for the present the proposed Institute should function through the 
specialised branches of the existing .scientific departments—the Meteoro¬ 
logical Department, the Geological Survey of India, the Survey of India, 
the Central Boar<l of Irrigation and the University Post-Graduate 
Research Institutions, (.’o-onlinution of policy and programme shoald 
be ensured by the o eation of a Board of Direction invested with proper 
authorities from the C<futral Government. The Board should con-sist 
of the heads of the department.^ mentioned and should include two 
representatives of the National Institute of Sciences of India. The 
Board should maiiitain conbict with the different universitie.s and 
arrange to provide fiicilitic.s for advanced studies and re.search in paiti- 
cuhvr branches of gcoi>hysics to .such post-graduate students, as may 
desire to toke up such courses. ” 
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Prof. Saha, who had noli been able to attend the Bombay meeting, and had 
made considerable progress in drafting the plan wdiich he had been asked to prepare 
at the first (Calcutta) meeting, did not agree that the subject had been considered 
in all its bearings at the Bombay meeting, and suggested that the conclusion of the 
Bombay meeting should not pis^judice the consideration by the Committee of the 
plan prepared by him. 

The aims of the Institute, as propose<l in Prof. Saha’s plan, are (a) the training 
of Applied Geophysicists, capable of exphuing the oil and mineral resources of 
India, and {b) Geophysical research. 

The plan assumes that students seeking admission to the Institute have graduated 
at a University in at least two of the three subjects: Mathematics, Physics and 
Geology. The Institute will offer a three years’ “ graduate ” course, the curricula 
of which Avill cover Mathematics, Physics, Geology and Geophysics; students will 
have the option of specialising cither as (a) Petroleum Geophysicists or (6) Mining 
and Engineering Geophysicists, The Institute will also provide a “ post-graduate ” 
course of one year’s duration, comprising the study of advanced methods of prospect¬ 
ing (radio-active, geothermal, electrical and gravitational). This will qualify the 
graduates as “ Geophysical Technologists 

The Institute will maintain a programme of research and held investigations. 
The organisation of field parties will be done in collaboration with the Survey of 
India, the Geological Survey of India and other interested Government organisa¬ 
tions. The Institute will co-operate with i>etroleum, mining and engineering 
industries and make avail.able such expert advice as they may need in matters of 
geophysical exploration. 

They will require a Physical Laboratory, a Geological Laboratory and a well- 
cquipp^ Geophysical laiboratory with various divisions—Magnetic, Gravitational, 
Seismic, Geothermal and for Badio-activity. The staff wrill include a Director (who 
will be an eminent Geojiliysicist), one Professor each in the divisions of Physics and 
Mathematics and two Professors each in the divisions of Geology and Geophysics; 
12 Lecturers; 4 Senior Scientific Officers; 6 Junior Scientific Officers; 17 ^ientific 
Assistants; also laboratory and w'orkshop and clerical staff. 

The costs involved, on a. rough calculation, arc as follows:— 


Non-reemring^ 


Rs. 

Boildings (including furniture) ..... 

Laboratoty equipment. 

• 

. 10 lakhs. 

6 

' 


16 

Hecvrring — 



Sateriee of staff and stipends to research scholars 

Travelling allowances . . ,. 

Maintenance of latoratories. 

Contingencies ........ 

• 

. 3*7 lakhs. 

. 0-1 „ 

. 0-4 

. 0-1 „ 


4-3 


Prof. Saha’s plan was placed before the fourth meeting of the Committee (Delhi, 
November J94(>). After discussion, the Committee wa.s of opinion that the scheme 
was acceptable in principle us a long-tenu plan, and attempts should la; made to 
bring the Institution into existence within a reasonable jteriod of time. The scheme 
should be circulated an)ong.st different Universities and Besearch Institutions of 
India to elucidate their opinion as to whether any of them was willing to undcitoke 
the scheme in whole or in jtart and if so, what assistancjc they would require toward.s 
that objective. 
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A letter was addressed to the Univ’ersities and Scientific llesearc.h Institutions, 
enclosing a copy of the plan for the Central Geophysical Institute, and these bodies 
generally welcomed the formation of a Central Geophysical Institute. 

Views received from various Universities and scientific institutions and those 
expressed by the members of the Committee were discussed at' the 6th meeting of 
the Committee and the following resolutions were passed :— 

“ (i) The Committee is of opinion that in order to expedite the development of 
Geophysics in this country, Indian Universities teaching M.Sc. course 
in Geology, Physics and Mathematics should institute a course in Geo¬ 
physics for the M.Sc. degree. Only B.Sc. students taking combinations 
of at least two of these three subjects should be allowed to take the 
course. There ought to be a separate Department of Geophysics, with 
proper geophysical staff. 

(ii) The Committee recommends that the Government of India should give 

adequate financial aid to such Universities as satisfy conditions in 
para, (i) above for starting geophysical courses in the M.Sc. stage. 

(iii) The Committee further recommends that in order to give effect to these 

ideas, the Government should appoint an officer who should get into 
contact with universities and other institutes of university rank. The 
officer selected for the purpose should be a technical man having a sound 
knowledge of Geophysics or Physics or Geology. 

(iv) If for any reason the Central Government is unable to assist the Univer ¬ 

sities, the Central Geophysical Institute should be started immediately 
and should deal both with post-graduate teaching as well as post-M.Sc. 
teaching and research as contemplated in the report on the Centra! 
Geopliysical Institute. Any duplication between the universities and 
the Central Geophysical Institute should be avoided ”. 

V. NEED FOR FORMING AN INDIAN NATIONAL COMMITTEE FOR GEODESY 

AND GEOPHYSICS, REPRESENTATIVE OF ALL BRANCHES, AND AFFILIAT- 

ING IT TO THE INTERNATIONAL UNION OF GEODESY AND GEOPHYSICS. 

As Geophysics embraces many fields of knowledge and has for its scope the 
earth as a whole, it is a science in which world-wide co-operation is of special, 
importance. With a view to secure such international co-operation, the Inter¬ 
national Union of Geodesy and Geophysics was formed many years ago in 1919. 
India was a member of this Union from 1930 to 1933, but for financial reasons, 
dropped out froih the Union in 1933. It has now again become a member in 1947. 

The objects, composition and membership of the, International Union, as extracted 
from the Preliminary Draft Convention and bye-laws placed before the meeting 
of the Executive Committee of the Union held at Oxford on December 10-14, 1945, 
are given below :— 

“Objects, Com,position and Membership of the r7«M>«.--{l) The objects of the 
Union are :— 

(a) To promote the study of problems relating to the figure and physics of the 
Barth. 

(h) To initiate and coordinate research which depends on international co¬ 
operation, and to provide for comparison, discussion and publication. 

(2) The Union is composed of a number of Associations, each of which is res¬ 
ponsible for a separate branch of Geodesy and Geophysics. 
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(■))~The Union adheres to the International Council of Scientific Unions, and 
supplies two members to its Executive Committee. 

(4) Any country, or any territory in which independent scientific activity has 
been developed, may adhere to the Union providing that it takes an adequate share 
in its upkeep. The adhering body may be the Government or the Academy of 
Science, or any other body or department of scientific and representative character. 
In every case correspondence on all matters other than the Convention shall be 
conducted between the Union and an authorised scientific body.” 

“ Bye-laws regarding objects, composition and membership of the Union, —(1) The 
following are the constituent Associations of the Union 

(a) The International Association of Geodesy, 

(b) The International Association of Seismology, 

(c) The International Association of Meteorology, 

(d) The International Association of Terrestrial Magnetism and Electricity, 

(e) The International Association of Physical Oceanography, 

(/) The International Association of Volcanology, 

(p) The International Association of Scientific Hydrology, 

(2) New branches, requiring independent incomes, start as Committees under 
the Union, attaining separate status as, and when, necessary. 

(3) The President and General Secretary of the Union shall serve on the Execu¬ 
tive Committee of the International Council of Scientific Unions. 

(4) International cooperation requires close and personal touch between the 
officers of the Union and the scientists representative of each branch, or Associa¬ 
tion, in the adhering countries. Adhering countries are asked to form National 
Committees, representative of all branches, and to encourage direct touch between 
them and the Union ”. 

In India, geophysical work in its various branches comes under the jurisdiction 
of a considerable number of Government departments and institutions. It is 
therefore particularly necessary for India to organise a National Committee for 
Geodesy and Geophysics composed of representatives of different Government 
Departments working in the various branches of the subject and of a few selected 
non-official scientists who are keenly interested in the subject. This National 
Committee can then get into touch with the International Union. 

(1) National Committee of Geodesy and Geophysics. —The Committee considers 
that the time has now come for the formation of a National Union of Geodesy and 
Geophysics, and that the National Institute of Sciences of India be requested to 
form this organisation and to take steps for its affiliation with the International 
Union of Geodesy and Geophy.sics. 

Note, —^The National Institute of Soienoes has already proceeded to form such a Committee. 

(2) Standing Committee for co-ordination. —The Committee was of opinion that a 
^Standing Committee consisting of the following should be formed with the objects 
of :~ 

(i) co-ordinating the existing resources of the Scientific Departments and 

Universitie.s in Geophysics for research, field work and training of 
personnel; 

(ii) developing the resources, and 
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(in) implementing); recommendations of the Committee for a Central 
Geophysical Institute.. 

I'he .suKpested composition of the Committee is as follows ;— 

Representatives of— 

(1) The Survey of India, 

(2) The Geological Survey of India, 

(II) The India Meteorological Department, 

(4) The Central Waterways, Irrigation and Navigation Commission, 

(5) The. Central Board of Irrigation, 

(6) Three scientists to be nominated by the National Institute of Sciences 

of India. 


VI. SUMMARY OF RECOMMENDATIONS. 

In this chapter, the main recommendations of the Geophysical Planning Com¬ 
mittee are summarised. 

6'01 Province of Geophysics. 

It was agreed that the province of geophysics for the pui 7 )ose.s of the Committee 
should be taken to consist of— 

(1) Geodesy, including measurements of gravity, 

(2) Seismology, 

(3) Terrestrial Magnetism and Earth Currents. 

(4) Geophysical Prospecting, 

(5) Meteorology, including .4tmospheric Electricity, 

(6) Hydrology, 

(7) Oceanography. 

Meteorology was, however, excluded from any detailed consideration except in 
its relation to hydrology, because it was. receiving full attention from the India 
Meteorological Department and there were two other Government Committees, the 
Atmospheric Research Committee and the Joint Meteorological Committee dealing 
with it. 

8'02 Scope of the work to be done by the Committee. 

It Avas agreed that the Committee should— 

(1) ]Arcpare a plan for geophysical work in India making use of the existing 

organisations and expanding them where necessary. 

(2) define the fields of responsibility of different departments and institutions 

and suggest methods of co-ordinating the work as a whole.; 

(3) prepare, plans for a Central Geophysical Institute ; 

(4) work out requirements as regards finance an 1 personnel, wherever necessarj^ 

6’03 Geodesy, including measurements of gravity. 

It was resolved that the Committee strongly supports the general scheme of 
the Survey of India to cover the aa'IioIc country with gravity stations at intervals of 
ten miles. It considers that it is of considerable importance and high priority that 
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such work should Ire carried out in the following regions with a view to aid the 
developnicnt of the niineral resources contained in these areas 

(i) the south and southeaste.rn margin of the Deccan traps, 

(ii) the eastern margin of the rocky terrain comprising the coal-fudds of the 

Dhanvar area in Bengal ; and later, 

(iii) the nortlicrn border of the Vindh)'an plateau and southeasteni l!ai|iutana. 

The representatives of the Survey of India stated that after making [ueliminary 

experiments with the Frost Gravimeter they wonlil undertake the work outlined 
above in jmrsuance of their departmental programme and work out plans bjr the 
necessary expansion of staff and provision of instruments. They will first tackle 
areas in which the Adviser on Mineral Developmeiit and the Geological Survey have 
expressed interest from the juhnt of view of economic exploitation of minerals. 

6‘04 Seismology. 

It was resolved that in view of the very large scliemes of eonstniction wineli are 
now heiiig undertaken in the earthrpiake zones of India and the risk of dutnage 
from cartlicpiakes, the Committee strongly recommends that the seismological 
organisation recommended by tlte Seismological Committee of 19II6 should be 
implemented as early as possible; with the alterations suggested by Dr. Bamanatlian. 
The Committee has emphasised that a person of first rate ability for the po.st of 
seismologist should be selected early so that the work can proceed at a rai)id rate. 

The Coinniittee has noted that the Director General of Observatories lias, in bis 
1947-4S imdget, obtained the sanction of tbo Government of India for the pm'chase 
of instruments and the establishment of an expanded headquarters office for Seismo¬ 
logy. The Seismological Scheme will involve a non-r>‘curring expenditure of Its. 2 
lakhs in addition to built ings in the five years 1947-5f and an average anmial 
expenditure of Bs. 80,000. 

6'05 Terrestrial Magnetism and Earth Currents. 

{a) The Committee agreed to the following recominendations of Dr, Banerji and 
Dr. Graaff Hunter regarding magnetic observatories am' maiutenance ot magnetic 
repeat stations :— 

(1) Shift of Alibag Observatory to another location not likely to be alb'eti d by 

electrical installations for a long time. 

(2) Ee-establisliment of magnetic observatories at. or near Dehra Dun atul in a 

suitable locality near the inagnatic tquator. 

(3) Quintiueimial occupation of existing repeat stations of the Magnetic Survey 

of India, 190]-1914 ; 

(4) Ouinquenuial oc.cujxrtion of additional repeat station.s outside the lioimdary 

of India to be created and maintained in collaboration witfi external 

agencies, , 

In pursuance of the above, il was resolved to recommend to Govenmi-ciit that 
the number of magnetic oliservatorics in India and its neighbom liood should be 
increased to 5 as in the iiast. One of tlie.se should be in South India near the magnetic 
equator, one at Alibag or near its neighbourhood, one near Debra Dun. one in 
Baluchistan and one in Biirnia ; earth eunvnt. ub.servation.s should be 
undertaken at, the Observatory near Dehra Dun and the Observatoi'y in South 
India. The progiarnme of work to be uiidertaken is given in the note, jaepared by 
Dr. Bamanathan. 



26 


(6) Further, it was resolved that the Committee was of the opinioir that:— 

i[i) the Survey of India should take magnetic obssrvationa on a fundamental 
grid with stations at intervals of ten miles which, apart from scientific 
and navigational uses, will serve as a basis for the detailed economic 
prospecting which would be under taken by the Geophysical Section of 
the Geological Survey of India ; 

(ii) the protection of magnetic repeat stations from encroachment by structures 
containing iron or electrical power lines within a range of 100 yards is 
necessary as these are destined for the determination of magnetic secular 
variation necessary for the maintenance of up-to-date magnetic maps 
(declination, inclination or horizontal force). The Committee accordingly 
recommends that each of the repeat stations should be deelared 
“ jffotected areas ” of the Survey of India. 

(c) It was further agreed that if during the course of the magnetic survey made 
%y the Survey of India any anomaly is found, the information would be passed on to 
sriie Geological Survey for further detailed investigation. 

Regarding magnetic observatories and magnetic survey, action should be taken 
liy the India,Meteorological Department and the Survey of India respectively as 
part of their departmental programme. 

6*06 Prospecting. 

The Committee welcomes the formation of the Geophysical Section of the Geolo- 
^oal Survey of India and recommends that all possible assistance should be given to 
the Geological Survey by the Government and by other scientific departments for 
extending their geophysical activities, 

6*07 Atmospheric Electricity. 

The Committee recommended :— 

(1) that work on atmospheric electricity should be systematically pursued at 

Bombay, at a northern Indian station like Delhi or Dehra Dun, at 
Caleutta and at a South Indian station near the magnetic equator, and 

(2) it wouV be advantageous to associate the earth current and atmospheric 

electricity observatories with the magnetic observatories wherever 
possible, 

6*08 Hydrology. 

The Committee approved the programme of development of Hydrology agreed 
to between the Central Waterways, Irrigation and Navigation Commission, the 
Central Board of Irrigation and the India Meteorological Departmnt {vide Appendices 
21 and 22). The aims of the development are the collection of all relevant hydrolo¬ 
gical data of river catchments in the country, with high priority to catchments in 
which projects are planned, with a view to enable calculations of run-off and predict 
tions of individual floods within defined limits of error. The main features of the 
programme are:— 

(1) the improvement of the rainfall, organisation involving an increase in the 

number of fhinfall recording stations, especially stations equipped with 
self-recording instruments; 

(2) an increase in the number of stations recording temperature, wind and- 

evaporation; 
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(3) eBtablishment of stations for observations of snowfall at high levels and of 

snow-surveys in the Himalayan catchments ; 

(4) systematic measurement of river supplies and the publication of the collected 

data in a standardised manner ; 

(6) collection of information about underground water supplies ; 

(6) the determination of water-balance in selected catchment areas. 

The Central Waterways, Irrigation and Navigation Commission and the India 
Meteorological Department are taking necessary action for implementing the recom¬ 
mendations. The scheme is estimated to cost about Rs. 9 lakhs in the next three 
years. 

6'09 Oceanography. 

The Committee recommends that a plan for the development of Oceanography 
should 1)6 worked out l)y another Committee consisting of;- - 

(1) members of the present Planning Committee for Geophysics, 

(2) Representatives of;— 

(a) the Royal Indian Navy, 

(b) the Zoological Survey of India, 

(c) Provincial Governments which maintain Departments of Fisheries. 

6*10 Central Oeopbysioal Institute. 

Prof. Saha has prepared a plan for a Central Geophysical Institute in India and 
various Universities and Scientific Institutions have expressed their views on it. 
The proposed Institute involves on a tentative estimate a non-recurring expenditure 
of about I.') lakhs and a lecurriug cxpeiiditui'e of aliout 4 •3 lakhs per annum : — 

(i) The Committee is of opinion that in order to e.Npeditc the development of 

Geophysics in this country, Indian Universities teaching M.Sc. courses 
in Geology, Physics and Mathematics should institute a course in 
Geophysics for the M.Sc. degree. Only B.Sc-. stue’ents taking combina¬ 
tions of at lea.=t two of these three subjects should be allowed to take 
the course. There ought to be a separate Department of Geophysics, 
with proper geophysical staff) 

(ii) The Committee recommends that the Government of India should give 

adequate financial aid to such universities as satisfy conditions in para, 
(f) and are considered suitable for such purpose by the Standing Com¬ 
mittee for Geophysics. 

(iii) The Committee further recommends that in order to give effect to these 

ideas, the Government .should appoint an officer who should get into 
contact with universities and other institutes of university rank. The 
officer selected for the piiryw.se should be a teclmieal man liaving a sound 
knowledge of Ge.o})hysies, or Physics or Geology. The officer should 
report to the Stundirig Comiiiittee. which would adx ise the Government 
on the matter. 

(iv) If for any reason the (’entral Government is unable to assist the universities, 

the Central Geophysical Institute should be started iutmediafely and 
■should deal both w'ith post-graduate teae.Iiiug as well as ])osr-M.Sc, 
teaching aud research as contemplated in the i-eport on tl)e Central 
Geophysical Institute. Any duplication between the universities and 
the Central Geophysical Institute should be avoided. 
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6'11 Need for ionnation of a National CSommittee of Geodesy and Geophysics, and 
a Standing Committee for co-ordination. 

(1) National Cmtmittee of Geodesy and <Teop%sics."~The Committee considers 
that the time has now come for the formation of a National Union of Geodesy and 
Geophysics, and that the National Institute of Sciences of India be requested to 
form this organisation and to take steps for its affiliation with the International 
Union of Geodesy and Geophysics. 

(2) Standing .Committee for co-ordination ,-—The Committee was of opinion that a 
Standing Committee to be called the Central Board of Geophysics consisting of the 
following should be formed with the objects of:— 

(i) eo-ordinating the existing resources of the Scientific Departments and 
Universities in Geophysics for research, field work and training of 
personnel, 

fii) developing these resources, and 

(iii) implementing the recommendations of the Committee for a Central Geo¬ 
physical Institute. 

The suggested composition of the Board is as follows :— 

Bepresentatives of— 

(1) -The Survey of India, 

(2) The Geological Survey of India, 

(3) The India Meteorological Departmeat, 

(4) The Centra] Waterways, Irrigation and Navigation Commission, 

(5) The Central Board of Irrigation, 

(6) Three scientists to be nominated by the National Institute of Sciences of 

India. 

The Board will elect its own Chairman who will hold office for two years. He 
should be assisted by a permanent secretary, who should be an experienced Class I 
Officer obtained from one of the Departments on a tenure basis, and a small office. 

G. Dbssau 
D. N. WLadia 
M. N. Saha 
A. N. Khosla 
N. D. Gulhati 
W. D. West 

Simla,, 12th June 1947. S. K. Baneuji 

C. A. K. WiLso:s. B. L. Gulatee 

29lh August 1947. 28th October 1947- 

I agree, subject to one reservation, namely,-that in my view, the three additional 
scientists to be included in the proposed Standing Committee for co-ordination 
(Section V) should be nominated, not by the National Institute of Sciences, but by 
the Government of India. Mynea.son for tliis view i.s that there is a strong body of 
scientists in India who do not agree that the National Institute of Sciences, as it is 
at present, is the sole representative scientific body in India. 

K. .R, Ramanathan 

7th August 1947. 
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APPENDIX 1. 

INDIA METEOROLOGICAL DEPARTMENT. 

Subject . —PosT-WAB Plan foe Gbophysical Institutions. 

Giovernment were informed that the post-war plan for geophysical institutions is under 
consideration of this Department and that the matter will require discussion with the ofBcers 
of the Survey of India and of the Geological Department, This is necessary as all the three 
departments, namely, the India Meteorological Department, the Survey of India and the Geo¬ 
logical Department have contributed to and also collaborated with each other in the past in 
geophysical work in India. The geophysical programme consists of 

(a) Magnetic observatione .—^The main magnetic observatory in India, namely the one at 

Colaba, Bombay, transferred to Alibag in 1904 in consequence of the electrification 
of the town of Bombay, originally started work in 1820 and was later organised to 
take a full and satisfactory series of observations in 18^7. For a time, the observa¬ 
tory was under the provincial Government and later came under the Government 
of India (Meteorological Department). More than a century’s work has been done 
at the station and the record constitutes a very valuable series for the study of day 
to day magnetic variations, the variations according to solar cycles and secular varia¬ 
tions. It is on^ of the oldest magnetic observatories in the world and is next to 
Greenwich. In addition to this observatory at Colaba, the Survey of India organised 
magnetic observatories at Dehra Dun, Barraokpore, Tbungoo and Kodaikanal and 
for a period, a magnetic observatory was set up near Trivandrum by the Government 
of Travanoore. The Survey of India also arranged to take short-period magnetic 
observations at a close network of stations and also at a number of “ repeat stations ” 
for the preparation of magnetic maps for the country as a whole. As a result of the 
retrenchment campaign in 1932, the Survey of India closed down the^agnetio 
observatories at Toungoo, Barraokpore and Kodaikanal, even though the Cbmmittee 
appointed by the Government of India (with Sir Gilbert Walker as Chairman, the 
Surveyor General of India and Dr. Graaff Hunter as members) in about 1920 recom¬ 
mended the continuance of these observatories except Barraokpore. The Dehra 
Dun observatory was maintained until 1941, when a severe flooding of the under¬ 
ground magnetograph building led to a cessation of further observations. It is 
understood that during the war the Survey of India found it necessary to arrange to 
take magnetic observations at a very large number of stations to bring magnetic 
maps (maps of magnetic dedinations, etc.) to date and much deplored the bre^k in 
the magnetic observations which resulted from the retrenchment campaign, because 
it was found very difficult to link up the long break. 

(b) Seismological observations .—The question of seismological observations was reviewed 

in 1936 by a Seismological Committee formed of the Director General of Observatories, 
the Director, Geological Survey and a representative of the Survey of India. This 
Committee reported to Government certain developments in the seismological ob¬ 
servations. The report was accepted by Government, but sanction to the scheme was 
postponed on account of the war. 

The Geological Department have published a large number of monographs giving 
detailed study and survey of earthquakes in the Indian and neighbouring areas. 
Indeed, that Department can be proud of its very valuable contributions made to 
earthquake studies. Dr. Oldham’s monograph on the great Assam earthquake of 
1897 gave for the first time classification of the principal earthquake phases and he is 
rightly regarded as one of the pioneers of seismological science. _ The contributions 
of Dr. Middlemens in connection with the earthquake studies are also very valuable. 
Field studies of earthquake effects must remain the work of the Geological Depart¬ 
ment. 

(c) Earth currents.—ttMosQ are the currents which seriously affect telegraphic lines during 

magnetic storms. Very little systematic observations of earth opri'ent have been 
taken in India. The earth currents constitute the electric counterpart of the magne¬ 
tic variations. A few sporadic observations taken with telegraph lines are available'. 
Some observations were taken by Dr. S. K. Bauerji and were published in the Memoirs 
of the India Meteorological Department,Vol. 26. The observations of earth currents 
have been started in other parts of the globe; these are being recorded in a very 
systematic way at Watheroo in Australia. It is most desirable, that in India there 
should be at least one station taking continuous records of earth currents and study¬ 
ing them in relation to magnetic variations. 
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(d) Atmo^Tieric electricity. —This involves observations of the fine weather eleetricitj in the 

atmosphere as well as electricity of thunderstorms. These have been studied at 
this department’s observatories in Bombay and Poona. 

(e) Observations relating to Ionosphere. —^The variations of the electrical conditions in the 

ionosphere have a close relationship with the magnetic variations. None of the 
three Departments has any arrangements for taking ionosphere observations. The 
Alblndia Radio is taking some systematic observations of the ionosphere. The 
Radio Physios Laboratory, University of Calcutta, has also made some observations. 
Some observations have also been made at other physical laboratories. 

(/) Gravity observations. —A large series of valuable gravity observations have been made by 
the Survey of India (and particularly by Dr. Graaf Hunter and Brig. Glennie). These 
observations gave most valuable information regarding the surface crust. The 
observations of the Survey of India, particularly the work of Sir Sydney Burrard, 
contributed largely to the conception of isostasy. 

(g) Marine surveys. —In schemes for post-war marine surveys, meteorological observations, 
particularly of sea-temperature, salinity, ocean currents, etc., should have an im¬ 
portant place. In the past, some important work in this direction has been done 
by the Zoological Survey of India. 

2. Post-war plan, —The question of post-war plan for geophysical institutions was discussed 
by me and Dewan Bahadur Dr. K. R. Ramanatban at a meeting with Dr. Graaff Hunter and 
Brigadier Glennie of the Survey of India on 28th November 1845, and the following represents 
the tentative conclusions :— 

(а) Magnetic observatories. —It is desirable that the Dchra Dun Magnetic Observatory 

should he revived and located at some suitable site at some distance from Dehra 
Dun, so as not to be disturbed by artificial electricity and that an observatory for 
recording earth-currents should also be associated with it. In view of the very great 
importance attached by the International Union of Geodesy and Geophysics to 
magnetic observations near the magnetic equator, that body passed a resolution 
recommending that the Government of India may start a magnetic observatory near 
Cape Comorin, which is very nearly on the magnetic equator. It is considci'ed desir¬ 
able that the magnetic observatory at Kodaikanal which is not far away from Cape 
Comorin should be revived or be transferred to a suitable site as near Capo Comorin 
as possible. Also, in considei-ation of the fact that the Government of Bombay has 
been pressing from time to time to take electricity to the Alibag town, which would 
intei efere very seriously «i(h this most important and one of the oldest observatories 
in the world, it is very desirable that the question of its transfer to some forest land 
in north Ratnagiri or near about should be, considered. It will involve the question 
of setting up a duplicate observatory at that station for purpose of taking comparative 
observations for 2 or 3 years before the Alibag Observatory can be closed down so 
that the valuable Colaba and Alibag magnetic scries covering a period of more than 
100 years is not broken. 

(б) Seismological Observations. —In view of the lapse of time since the Seismological Com¬ 

mittee reported, it is desirable to review the scheme of seismological observations 
recommended by that Committee, and to report if any modification is required in 
that scheme. 

(<:) Atmospheric electricity. —The question whether the existing arrangement for observations 
of Atmospheric electricity is adequate or should be extended should be review ed. 

(d) Observation of io?iosphere .—Plans are being made by the Radio Research Committee 
of the Council of Scientific and Industrial Research for the est-ablishment of a Radio- 
Electronics Researcli Laboratory providing for the taking of detailed ionosphere 
obiSeivations. The que.stion whether all ionosphere data required for geophysical 
studies could be obtained by collaboration with that institute should be revie\vt>d. 

(«) Vettltal Omphysical Inslilute.—’f'he question of .setting up a Central G6ophy,sieal Insti¬ 
tute with competent staff who will eolleet the geophysical data, make proper study of 
them and publish the results should also be considered. This institute should keep 
itself up-to-date with all the latest developments regarding instninients for geo¬ 
physical research and geophysical prospecting, namely prospecting by magnetic, 
electrical, seismological and gravity methods and itself undertake research on such, 
developments. The institute, it is considered, should be competent to give the 
necessary advice on all questions of prospecting by physical methods or to under¬ 
take such prospecting, if required. 
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3. As all the three departments are intimately concerned in geophysical work as detailed 
above, it is considered desirable that the Government of India should sanction the constitution 
of a Committee with the following members:— 

1. Dr. Graalf Hunter '] 

^from the Survey of India ; 

2. Brigadier Glennie J 

3. Dr. H. Crookshank, Director, Geological Survey of India, and another officer of that 

Department to be selected by that Department; 

4. Dr. S. K. Banerji, Director General of Observatories ; 

5. Dowau Bahadur Dr. K. R. Ramanathan, Officer on Special Duty, India Meteorological 

Department. 

w ith directives (i) to prepare a post-war plan for geophysical work in India, (ii) financial implica¬ 
tions and the responsibility and share of each department and (iii) methods of co-ordination of 
the work as a whole. 

4. If the Department of Planning and Development would like to add a representative of that 
Department to this Committee, it is recommended that the services of Mr. Wadia, Mineralogical 
Adviser to the Government of India, may also be made available to the Committee. 

5. It is understood that Brig. Glennie is likely to leave India sometime in March 1946 and 
Dr. Graaff Hunter may also not remain in India long. Both these officers have long experience 
of geophysical work in this country and it is most desirable that the services of these two officers 
he made available for drafting the post-war jjlan before they leave India. It is accordingly re¬ 
quested that the Government may be pleaswl to sanction the formation of this Committee at an 
early date. If Government agree to the formation of the above Committee, Brig. Glennie and 
Dr, Hunter agree that the meetings of the Committee should be held at Delhi in the 3rd or 4th 
week of .Januaiy 1946. This will be an-anged if the Director, Geological Survey of India has no 
objection to the proposal. 


(Sd.) S. K. Baneeji, 
Director General of Observatories, 


Department of Posts & Air, New Delhi (Mr. Zuberi). 

DGO. UOI. No. XR24 dated, New Delhi, the 1st December 1945. 


Copy to 

(i) The Burveyor General of India, Temporary Secretariat Buildings, New Delhi. 

(ii) The Director, Geological Survey of India, Chowringhee, Calcutta. 


(Sd.) S. K. Baneeji, 
Director General of Observatories. 


DGO. UOI. No. XR24 dated, New Delhi, the 1st December 1945. 

c 
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APPENDIX 2. 

GOVERNMENT OF INDIA. 

Department of Posts and Aie. 

No. 18-M/iO-45. Dated New Delhi, the 21at January 194':. 


Feom 

Masareat IlrrssAiN Zcderi, Esquire, O.B.E., I.C.S. 
Deputy Secretary to the Oovemmenl of India. 


To 


Tue Director General of Observatories, 

Upper Air Office, Lodki Road, 

New Delhi. 

Subject. —Plan foe the Oroanisation of Geopuysioal Institutions in India. 

Sir, 

I am directed to say that the Governor General in Council has boon pleased to decide that a 
Committee consisting of the following gentlomon should be constitubid in order to consider 
and report on the question of organising and developing in India institutions (l(!aliug with the 
study of Geopl^ysios :— 

(1) Professor M. N. Saha, F.R.S. 

(2) Dr. J. de Gruaff Hunter I 

>Survey of India. 

(3) Rrigadier E. A. Glennie J 

(4) Dr. D. N. Wadia, Mineral Adviser, Planning and Development Department. 


i 


(.o) Dr. VV. D. West 

(6) Dr. G. Dessau 

(7) Dr. S. K. Ranerji 

(8) Diwan Bahadur Dr. K. R. Ramanathan J 
The Governor General in CouncU is pleased to authorise you to convene such meetings of the 


y Geological Survey of India. 


India Meteorological Departnumt. 


Committee as are required for the purpose mentioned above. 


I have the honour to be. 

Sir, 

Your most obedient servant, 
(Sd.) M. H. ZuBEEi, 

Deputy Secretary to the Government of India. 
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APPENDIX 3. 

VISITS TO GEOPHYSICAL STATIONS IN ENGLAND. 

By D. N. Wadia. 

1. Visit to the Gravity Observation Station—Cirencester in ihe^Cotswolds on the Upper Mesozoic 
rocks. —Saw a Frost GravimetePin working, noting small density differences, arising from composi¬ 
tion, structural disposition and folding of rocks at different depths. A portable Frost Gravi¬ 
meter was conveyed in a small Observation Van, which could take 8—10 readings of gravity from 
different stations, situated around a central check station in a few hours. The observations 
and computations were rapid, taking only a few minutes. The merits of the Frost Gravimeter 
are its conjpact size, simple construction, portability and ease of lowering and grounding the 
instrument from the van on to the road surface. The recording of gravity obtained at each 
selected observation point has to be checked with the original station. The reading at each 
station has first to be corrected for relative height difference ; even if these amount to a few 
feet, apart from topographical relief. When all topographic and relative altitude corrections are 
applied, readings of the Frost Gravimeter can be accurate to 1/10 of a milligal, (for most purposes, 
the readings required are only up to 1 milligal accuracy). These minor relative height differences 
need not be taken into account wlien only milligal readings are required. 

2. Demonstration of a captured Oerma.n Gravimeter at the offices of the Anglo-Irdnian Oil Co ,— 
This instrument was obviously of much elaborate and complicated construction, provided with 
various devices for checking interference from outside factors ; but it does not claim any greater 
efficiency or accuracy. Its principle was similar to the Frost Gravimeter and its portability 
was as easy. 

3. Visit to the Eakring Oilfied-20 miles from Newark, Nottinghamshire. —This is the most 
productive of the four new oilflelda recently brought into production in England. Their discovery 
was based solely on exploration of underground struettu'es by gravity determination and their 
mapping by seismic reflection and refraction riethods. 

The productive oil horizon lies just below the Upper Carboniferous coal measures, overlying 
the Carboniferous limestone beds and Millstone grit. The actual reservoir-rock is a thin group 
of Millstone grit beds. It is over 2,000 ft- in depth below the surface composed of horizontal 
Triassio strata. Though the bods of Millstone grit form the reservoir-rocks from which all the 
Eakring oil is obtained, there is some doubt as to the actual source of the oil—whether it has 
not come by migratioti from some older Palaeozoic strata below. The structure, as revealed by 
seismic refraction mapping, is that of a low flat anticline, in the crest of which there are saturated 
pockets of Millstone grit (here a rather coarse and porous sandstone of variable thickness). There 
is but little of gas associated with the petroleum in this field and hence there are no “ gushers ” 
but all the oil has to be pumped. The petroleum is of good quality, rich in the lighter fractions. 
There are over 200 wells drilled on the Eakring anticline which produce, in the aggregate, about 
100 tons of oil per day. The capacity of this field, however, has passed its peak and is slowly 
on the decline. It has produced over .800,000 tons of oil during war years. Further drilling is 
in progress to test deeper horizons. 

Though indications of the presence of petroleum were well-known in this and adjoining areas 
in Nottinghamshire (in small springs and scapuges of oil, associated with the coal measures and 
surface rocks), the geological structure of the area, hidden under the Upper-Carboniferous-Permian 
unconformity was not considered favourable and no serious oil prospecting was done. Geophysi¬ 
cal methods revealed the unconformity and the structure contours of the favourable anticline, 
underlying it and the fiat and featureless Triassic rooks of the area. The Eakring field is thus 
entirely the result of geophysical prospecting carried out by the Anglo-Iranian Oil Co. under 
the direction of G. M. Lees. 

4. Seismic refraction survey of the Formby oilfield, Liverpool, —Professor Rankin of the Anglo- 
Iranian Oil Co, conducted a visit to this interesting field where some 8 tons of seapage oil a week 
flows out from pools in the surface, but wbosis source-rocks or their structure are hitherto not 
located. The rocks here are Upper-Triassio marls and sand-stones, overlying Carboniferous 
beds, covered at the surface under the peaty alluvium of the Mersey. A blast charge of 480 lbs,: 
of dynamite was exploded in a 6" bore-hole, sjpecially drilled to a depth of 120 ft. The ground 
waves following the explosion were detected by six geophones, planted equidistantly along radii, 
6 miles away from the charge. These werp connected independently to a recording observation 
Van equipped with suitable apparatus. More or less clear seismographic recordings were obtained 
from each of the six detectors which were developed automatically in the Van and were ready for 
inspection in a few minutes. 

c 2 
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The refracted seismic waves travelling back from an underground rook-surface, differing in 
composition, density and structure from the surrounding surface-rooks, would give some indica¬ 
tion regarding its depth, contours and structural disposition. The interpretation of such .seismo- 
graphic recordings, however, is a matter which needs extreme care and accuracy. 

The elimination of accidental ground vibrations at the series of geophones, at the time of 
exploding the charge, miles away from them, entails an elaborate system of radio-signalling and 
telephoning between them, the Observation Van and the Station Van exploding the charge. 


APPENDIX 4. 

BRIEF SUMMARY OF THE WORK DONE BY THE CARNEGIE INSTITUTION OF 

WASHINGTON—DEPARTMENT OF TERRESTRIAL MAGNETISM. 

Bi/ K. R. Ramahathan. 

A Department of Research in T'errestrial Magnetism was established under the auspices of the 
Carnegie Institution of Washington and work was begun on April 1, 1904. The object of the 
Department was to investigate “ such problems of -world-wide interest as relate to the magnetic 
and electric conditions of the earth and its atmosphere, not specifioally the subject of inquiry of 
any one country, but of International concern and benefit”. 'J’he plan of work embraced : 

(а) A magnetic survey of ocean areas and unexplored regions. 

(б) International observations of the variations. 

(c) Ob.servations in ocean dejrths and atmospheric regions. 

” Tlie chief endeavour is to secure magnetic results in the regions most needed, 
and where there are no org.inisations prepared to undertake the work. Where mag¬ 
netic surveys are in progress under competent direction, and when the prospects for 
early completion are favourable, the Department confines its work to the observa¬ 
tions necessary for the proper correlation of results obtained with different instru¬ 
ments and by different methods.” 

In the period 190.5 to 1926, observations wore taken at .5,685 land stations of which 1,174 
were in Africa, 1,165 in Asia and 972 in S. America. During 1921 to 1926 more attention was 
devoted to adding to the available information about the secular change in the magnetic ele¬ 
ments. There is some evidence that the earth's intensity of magnetisation decreased at the 
large annual rate of 1/1500 of itself during the period 1840 to 1920. Secular variation has to bo 
studied over the earth as a whole. The data now available .show that the changes are not uniform 
over the earth but show regional variations connected with changes in the deeper layers of the 
oceans and continents. Continuous observations from oM observatories are particularly valuable. 

Organisation of Ocean Magnetic Oiiservations is a special feature of the Carnegie Institution’s 
work. This work is difficult and requires special designs for instruments, because observations 
have to be taken with swinging instruments, on a moving support. Data were obtained aboard 
the chartered brigantine the “ Galilee ” in the years 1905-1908 and aboard the specially cons¬ 
tructed non-magnetio vessel the ‘‘ Carnegie ” during the years 1909-1929. Observations were 
taken in all oceans from 80°N to 60°iS. Substantial assistance was given to the Norwegian Maud 
Expedition to the Arctic. The ” Carnegie ” was destroyed in November 1929 by an explosion. 
The British Admiralty is constructing a non-magnetic ship “ Research,” 

The Carnegie Institution has improved old instniments and introduced many new instruments 
for making standardised observations in Terrestrial Magnetism. Bxarap]e.s of such instruments 
are; 

C. I. W. Precision Coil Magnetometer, C. I. W. sine-galvanometer. 

C. I. W. induction variometer (McNish). 

The world-wide studies of the Carnegie Institution of Washington have, revealed magnetic 
anomalies not only over land but also over oceans. Regions of observed magnetic anomalies 
are regions where more intensive geophysical studies are indicated. 

In order to clarify further the purposes and aims of the Department of Terrestrial Magnetism, 
a conference was held in Washington on .January 20, 1922 to determine what modifications, if 
any, in the original plan of work outlined in 1903 could be made then. 
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Main conclusions and recommendations of bonference 

A. Magnetic and Electric Surve.i/ of the Earth. —(a) Tt was the consensus of opinion that the 
magnetic and electric survey of the Earth should bo continued ; however, in view of the satisfac¬ 
tory progress made since 1905, the future work need not be so intensive, but should bo planned 
so as to obtain additional data in regions where urgently required, above all, as to the secular 
changes of the Earth’s tnagnetlsm, which may play an important role In the theoretical solution 
of some of the outstanding problems. Detailed surveys of locally disturbed areas on land and 
sea may reveal siiggcstivc relationships with gravity anomalies and geological formations. 

(b) In view of the theoretical importanoe of magnetic and electric ohservations in upper levels 
of the atmo.sphere, it was considered highly desire-able to make arrangements for such oVtserva- 
tions as soon a,s facilitie.s and conditions permit. 

B. Obnervatory viork .—Because of the unsatisfactory dtstj-ibution of magnetic obscrvatior.s 
in the Southern hemisphere, it was considered highly important that the complete programnu! of 
work in terrestrial magnetism, atmospheric eleetiieity, earth-currents, and allied observations of 
the two magnetic observatories (Watheroo, Western Australia, and Hiianeayo, Peru) be fully 
carried out, Eurther relations with other geophysical and cosmical phenomena, such as polar 
lights, “ statics ”, earth-ciurents, solar activity, etc., ma_v be dhelosed. The intensive study of 
instantaneous, or short period, perturbations at widely separated oliserv’atories, making use of 
available wireless stations for obtaining the desired aecurney in the time element, was .specially 
recommended, 

C. Lahomtorii Incedigations .—It was thought e.s.sentiaj that laboratory iiivestigaticr.s be 
conducted concurrently with the observational work in the field and at the observatories, 
Besides the experiments on magnetism in general, now in progress, it was con.sidered desirable 
to continue the investigations relating to tlie existence of vertical electric eurrents and the 
Earth’s precise action on a magiud. The possible effect of high pressure on th? critical 
temperature of magnetisation was also considered a problem which may have important bearing 
on some of the topics. 

D. Theoretical Studies. —The analysis and theoretical studies outlined under topic B, it wa» 
thought should be vigorously continued. It n-as sugge.sted in this eonneetio7i that it would be 
highly desirable to make provision, as soon as conditions permitted, to odd to the Department’s 
staff a well-trained mathematical pliysieist to assist the Director in his theoretical studies. 

The obseiwational data accummulatcd from land and ocean surveys were systematically 
worked out and analysc^d, Magneticians like Barkds and t’hapman vvere invited to Washmgton 
as visiting professors to help in the analysi.s. 

Kealisine that the dail>- and seasonal variations of the Eai th's magnetic field and the varia¬ 
tions associated with various types of magnetic disturbances had their origin in the upper at¬ 
mosphere, the C. I. W., in accordance with the recommendations of the 1922 Conference, deve¬ 
loped a section for the radio exploration of the iouosjihere. In 1025, Bi-eit and Tuve, working 
under the auspices of the C. T. W. suggested the now universally .adopted nadio-pulse-ecbo method 
of sounding the ionosphere and following up the sugge.stioii step by step, Mr. Rerkner developed 
the complete automatic multi-fre(|uency refltjetion equipniont which records the reflected ]ji’.lses 
from the ionosphere over the w'hoie range of frequencies 0-5]6 to 16 mc/sec. within an interval 
of 15 •niautes. Such a ii7iit wa.s installed a.t the Husmeayo inagnetic observatory in 19117 and 
a similar one at the W'atheroo 01>sc7’vatO7’y in. 19,’IS. The teeo7-d.s obtained with these inst7‘77'j-;ents 
at these two observat(7r7es and at VVa.sbington have provided the 77iost systematicr ;7m:i conii-m- 
ous ionospheric data that we posses and hirve cpntribiited ii7 g7'cat me7isi7re to our pre.soit k770vv- 
ledge, of the iono.sphere, and its proecsees. 

With a view to obtain o clue to the origin of the e.arth’s intciaial fitdd, Iabo7'ntory wo7l< was 
started 177 eollabo7'ation with the Geophysical Laboratory of Wa.shi77gtoi7 077 the magnetic pro¬ 
perties of mirtter at high j)7'Pssui’es a7id temperatiiivs. Baraiettbs fa7i70us 7‘X})e7-a7ient on the 
magnetisation by i-otation of te7ron7ag7ietic metals is one outeou7e of this activity. The e077S- 
truction of ail Atomic Laboratory for studying atomic ])henoinena, in particular nucieai- juoc’sses, 
with the installation of electrostatic generators, going fii'.st up to j-2x 10* volts and late!' to 5 to 
8x10° volts is aiiothi'i- development in this direction. As Eleming says “ Woik in nuclear 
physics, dealing with fundamental conceptions of the n.atuie and constitution of matter, must 
oonti’ibute further to the knowledge, of the origin and to laws govcrniirg the eomple.xities of the 
Earth’s magnetic field so far found through tlie World Magnetic Survey.” 
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APPENDIX 5. 

GRAVITY WORK IN INDIA AND BURMA. 

By J. DE Graaff Hcotf.b,. 

1. 19ih Century. —A fcw (leterwin.iitjons >)y the Sui'vey of India of gravity on the central 
meridian (77° 30') from (iape (ioniorin to the Himalayas were made for specific, purpose of deter¬ 
mining the earth’s elliptieitv. Though vitiated by unforeseen errors due to instrumental causes 
(flexure of the stand) these began to indic.a.te—a-s had also the astro observations for latitude— 
that the gcoid was sensibly different from any spheriod. 

20th Century. —(a) General gravity .survey of the, whole country was begun by the Survey of 
India about 1006, leading up to nearly (iOO gravity statioim over India and Burma by 1939. The 
interpretation of observed values has always been a matter of difficulty. The theory of isostasy 
w'hich indeed derives from the Indian work, was much pressed by Hayford, Bowie of the U. S. A., 
who admitted that Burrard, lately Surveyor Genera! of India, had opened the way for their work. 
Indian results, however, have not ahvays fitted in with that theory and Glennie and myself 
have resisted the over-claims based on evidence found elsewhere. Glennie has done much to bring 
the matter into proper geological relationship. 

(ft) Work by Oil Companie.s in Bengal, Assam and Burma. It has been known to the Survey 
of India that gravity work with non-pcnduIum instruments has been in progress any time during 
the last 12 years. Rarticulars of the in.st.ruments and of their performance has been impossible 
to obtain in a precise, fom, and the instruments themselves have not been on the market. Only 
recently some discussion of the work done in Burma and E. India has been contributed by Evans 
and Crompton to the Mineral Research Symposium, w'hich took place in Delhi in November 1945. 
It appears that some 6,000 gravity determiiiatjons have been made in thi.s operation. 

This puts the execution of gravimetrie work, in India and Burma well in line with anything 
done elsewhere, despite uninformed criticism to the contrary voiced at the Delhi Symposium. 
It does not, however, give much on which an independent asse-ssment of the degree of reliability 
of the measures can be based, nor of instrumental details ; both of which are required by any 
agency which carries out similar work. Nor does it make the instruments employed generally 
available. 

2. New Oravimetern .—Since the end of the war, information concerning several gravimeters 
of American design has been received : and it has been possible to eheok the claims made, by 
the makers. A,s a result, the Survey of India has taken .stops to acquire, a Frost Gravimeter. 
The Frost Gravimeter \a a vej’V convenient and portable, robust instrument of winch some details 
given by the makers follow : 

Weight 37 lbs. 

Range (at one setting) 100 milligals, 

Reading to 0-01 inilligal. 

Drift of order 0-1 milligal over hours/week.s, is said to be uniform, 

Reading time : J minute. 

Setting up is not elaborate, but no time is sUited. 

3. Appreckition .—The pendulum work of the Survey of India 1906-1939 has provided a fairly 
complete picture of the gravity field in India and Burma. The researches of those concerned with 
it have contributed to the development of knowledge of the constitution of the earth’s crust. 
The observational work, as that of .similar contemporary work elsewhere, has been laborious. 
We ,are now to be erpupped wdth an in.struinent, far more portable and rapid in use, while at the 
same time more than tenfold as precise—if we accept the testimony which ha.s been received. 
It would appear that the pendulum is .superseded and that its results are beiow the precision 
easdy obtained by the new means. 

The pendulums were believed free from variation, except as a rare or long drawn out occurr¬ 
ence ; though closures with standards of other countrie,s were disappointing in their amount-s 
and difficult to account for. The new instruments have admitted “drift” which may become 
important in a considerable interval. It i.s necessary then to make certain stations as sub-stand¬ 
ards of gravity which can be revisited as frequently as hieceasary, and so to control the drift. 
The higher accuracy of the new instrument makes the old gravity stations inadequate for this 
purpose, if used differentially. The precision of the pendulum results is sufficient to show up the 
considerable gravity anomalies of India, and, indeed, greater precision will not be immediately 
of value to geodesists. The end results depend not only on observation but on various hypotheses 
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and corrections which are more in doubt than the observations. BRgher precision has importance 
when much smaller areas than India as a whole are in question. As matters develop it will have 
importance in larger areas and provision for the future should be made. 

Hitherto, so far as my knowledge goes, no change in the value of gravity at a station has 
ever been substantiated. Any change (of several milligals) in results by pendulums on reoooupy- 
ing a station has been treated as due to pendulum changes. But if we could detect with certainty 
a change of 0-1 milligal at a station, it might be attributable to a change in height of the station 
of about I foot; and this might have a bearing on earthquake imminence or indicate slower 
changes of level as the case may be. 

4. Future Work .—^Modern transportation makes it possible for a modern gravimeter to be 
used at a base station, taken to a sub base station 1,000 miles away and used there, and the obser¬ 
vations closed on the first station in a day or two; during which time we may hope instrumental 
drift will rarely attain 1 milligal and could be mostly cancelled. (My information is that the 
Frost Gravimeter drift never exceeded 0-1 milligal in two hours). We should be able to provide 
sub-standard g-stations over India without relative error anywhere exceeding 1 milligal: and 
relative values of adjacent sub-standards should be a good deal more precise. A programme 
of sub-standard gravity stations should be made. These should be located in relation to rapid 
inter-transit facilities—in other words they should be in the neighbourhood of air ports. Each 
of these would serve the surrounding area and be available for any local gravity observations, 
within rapid reach by ground transport. It is the Survey of India’s intention to form a net of 
gravity stations at an avei-age separation of 10 miles. These will he closed on sub-stations just 
alluded to. They will form reference points of all gravity work undertaken by Government or 
private agencies. 

The objective of the former should not be exploitation of any particular area for commercial 
gain : but to cover the whole fcountry systematically and lay bare those districts which are 
abnormal. Work of even greater detail should be done in selected areas to follow up the soientifio 
side of crustal structure. 

5. Summary ,—To summarise the future gravity work, it is proposed :— 

(j) To form sub-standard stations at air ports over India (Ceylon and Burma ?); 

(ii) To make a 10-mile net work of gravity stations over India. 

APPENDIX 0. 

PKOGRAMME FOB THE FROST GRAVIMETER. 

By J. DE Graaff Hunter. 

1. It was stated in my note “Gravity work in India and Burma” which was distributed 
at the Committee meeting at Calcutta February 1!)46 that the Survey of India has taken steps to 
acquire a Frost Gravimeter. This is now in train and it is hoped the instrument may be received 
in time for use in the coming field Season. If not, work now discussed will be correspondingly 
delayed. 

2. In the final para of that note, it was proposed :— 

(i) To form some sub-standard stations at air ports over India (Burma and Ceylon). 

(ii) To make a ] 0-mile net wdrk of gravity stations over India. 

The use of (i) is apparent: but this need not be completed in the opening season. As regards 
(ii) the work should be done after the 10-mi)e AID marks have been duly built and fixed in position 
and height. As the work is only now commencing no such gravity work can be done in season 
1946-47, in default of marked points. 

3. The anticipated speed of work with the Frost Gravimeter is very great, and in forming a 
framo-woi'k of gravity points at 10-mile intervals most of the time will be spent in transit. It is 
essential to chooSe locations served by motorable roads or routes, if full advantages are to be 
reaped. In that case, so far as determining gravity is concerned, a daily progress of 10 stations 
over a stretch of 100 miles is probably feasible. This quite outpaces the production of AID 
points : and there seems no occasion to provide fer more than one Gravimeter to be in the field 
at one time. For security against breakdown, however, it has been proposed to acquire a second 
instrument of very similar design. 

4. There are, however, complications if gravity work precedes the AID programme with 
which it has been proposed to associate it. The precision of the Gravimeter is believed to be 
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at l(?ast 0-1 milligal wkioh is about the change in gravity coi responding to a height change of 1 
foot. To service the gravity work to an adequate extent heights of this precision arc wanted at 
all the gravity stations. An optimistic estimate of height error of heights determined (remote 
from lines of precise spirit levelling) from the standard 1"=1 mile maps of India is 10 feet: which 
corresponds to an error of one milligal in the reduced value of gravity. 

It is also necessary to record the precise position of gravity stations by some jx-nnanent niark 
if the actual observed value is to have full significance. This need does not exist so far as determin¬ 
ing the gravity field is concerned, if results were properly reduced foi' height; but arises if points 
for Gravimeter calibration are required. The marking of points in large numbers by pillars of 
sufficient durability has a good many difficulties—as Survey of India found with level Bench 
marks. 

5. If, as may bo reasonable, it is accepted t^iat for geophysical purpose, gravity good to a few 
milligals is sufficient then the difficulties of para 4 mostly disappear. Such work, however, 
will not contribute to the intended 10-mile net work of g-stations contemplated us an all India 
framework : and has to be regarded on its geophysical value. 

If a contrary view is held, then it becomes imperative to find a more satisfactory method of 
height determination of the gi'avity stations than ha.s hitherto been available, ('eiisidcrable 
thought has been given to this and some suggestions may be put to prnctical tests in the coming 
months. 

6 . Mr, Wadia has suggested tliat the southern fringe of the Deccan Trap should be gravi- 
metrically explored by a strip of i5 miles width. Such a strip would involve greater difficulties 
of reduction for topography (compensated or not) and would actually require more consideration 
of the question of mode of compensation to be applied than would more compact blocks such as 
square degrees of latitude and longitude. The latter too would, it is thought, give much more 
useful information. It is suggested that rather than a continuous 15-mile strip it would he more 
useful to cover a number of discontinuous squares along the margin desired filling in gaps subse¬ 
quently in view of results found, as it is deemed expedient. 

To enable an appropriate programme to be framed a first requirement is a map on which the 
regions of interest geologically aix? clearly indicated by order of priority. Account of the motor- 
able roads available would then be taken as this has an important bearing on the practical progress 
of the gravity work. 

7. The Survey of India hope to cover (in a ^.reriod of 20 years or more) the whole of India with 
the gravity 10-mile framework. It would naturally prefer that all work done contributed to 
that end. What has just been suggested would or would not do so according as a satisfactory 
heighting process can be evolved. In any ca.se, the passing of a strong resolution by the Committee 
as to the urgent need for such gravity work would he an effective support. The Survey of India 
would then no doubt bo also to apply its own resources to this work. 

The personnel required is small and one Gravimeter plus one reserve ia deemed sufficient. One 
or two motor vehicles would be needed. A five year period would suffice for the (completion of 
what Mr. Wadia has roughly indicated. At the present stage, it does not B(^em feasible to be more 
specific in regard to details. 


APPENDIX 7. 

EEPORT OF THE CONFEKENCE CALLED 'I'O FORMULATE PBOPOSALS FOR A 
PROPER SEISMOLOGICAL ORGANISATION IN INDIA. 

1. The Surveyor-General, the Director of the Geological Survey and the Director-General of 
Observatories met at 10-30 a.m. on 18th January 1936 and again on the 2.5th January at 12-30 
p.m. in the Geological Survey Oflicsi, Calcutta, to disoii.ss this .siibi(;ct. 

2. in recent years India has had tlw; niumviable distinction of being visited by a series of 
severe earthquakes which have naturally focussed attention on the fact tliat there is no branch 
of the public service exclusively d<;voted to the problem of scismologwal investigation. After 
each great earthquake officers of the Geological Department are deputed to the earthc|uakc area 
to study the damage caused by the earthquake and its geological causes and efl’ects ; and a 
number of valuable Memoins have appeared in the Geological Survey publications about these 
severe earthquakes. Seismographs were first instalied in India about 40 years ago and as they 
are purely physical instruments and require daily attention by observers they were placed under 
the charge of the Meteorological Department w'hich has fixed observatories at various centres 
in India and therefore was able to undertake the work without employment of extra staff. In 
the Geodetic Surv(n' also there are geophysical nioasuremente being made which bear a close 
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relationship to the problem of earthquakes. In none of the\hreo departments, however, is the 
s ubjcct studied continuously ; the smaller earthquake shocks receive little or no attention. 
There is ho branch of the service nor any particular officer whose duty it is exclusively to study 
earthquake problems or to keep abreast with seismological research. In Japan the earthquake 
problem is recognised to bo of vital importance because nearly the whole of the country lies 
within the seismic zone. There are over a hundred seismological observatories in Japan. Dr. 
Banerji, in hi.s note of Ist August 1935, has pointed out that the Tokyo Imperial University has 
a special seismological department which maintains 25 seismological instruments of diherent 
types in continuous action in Tokyo itself. There is in Japan a large number of trained seis¬ 
mologists who work exclusively at seismological problems. The United States of America has 
over 40 seismological observatories at some of w’hich there arc scientists who devote themselves 
solely to seismological problems. In India, however, there arc only 7 seismological obsCTvatorie.s 
and no whole-time seismologist. 

3. This Committee feels that the study of seismology requires encouragement in India. Steps 
should be taken to promote investigations on right lines. There should he someone whose duty 
it is to keep abreast with seismological work in other countries and efforts should be made to 
oo-ordinate the work of the different departments where it concerns the earthquake problem. 
In the following paragraphs the institution of a seismological branch is recommended. Wliether 
that will in time develop into a separate seismological institution with separate sections of its 
own, including one on types of buildings suitable for seismic areas, cannot be fore.seen at present. 
The primaiy function of the proposed branch will be to gather information and collect records 
which will be of value in future investigations. The desirability of conducting investigations that 
will lead to accurate prediction of earthquakes has been mentioned on various occasions. J’his 
Committee feels that the chances of predicting beforehand the exact time and place of occurrence 
of large earthquakes are very small indeed. Earthquakes are the result of geological torces 
acting below the ground and we all know that the time-scale of geological action is very great 
compared with the time-scale of a human being. Dr. Dunn and Mr. Auden of the Geological 
Survey have pointed out that “ An error in the time of prediction of a month or even a year 
would be imsignificant geologically speaking but large from the point of view of the populace ”. 
Even if, howevei', there seems little likelihood of methods of prediction of earthquakes being 
evolved in the near future this Committee would repeat that the encouragement of seismological 
investigation by Governmetit is very desirable. Both seiismological and geological study can 
furnish results that are of value to builders in seismic regions. Government will always be faced 
with the problem of minimising the effects of earthquakes and this resolves itself very largely 
into the problem of erecting buildings that are resistant to earthquakes. The Earthquake 
Committee of the Geological Survey lias recommended that new buildings within earthquake 
zones should be controlled by a Building Code as is done in Italy, Japan, California and New 
Zealand. The general yirinciples of Building Codes adaptable to suit the conditions in the differ¬ 
ent provinces of India should be formulated by some Committee in India. • It is suggested that, 
if the Chief Enginocr, Central P. W. D., agrees on this point, the whole question of Building Codes 
for use in seismic zones in India might he referred to the Institute of Engineers (India) for report. 

4 . We shall proceed now to deal wdth the details of the seismological organisation considered 
to.be required in India now. Our aim has been to suggest the minimum organisation required 
rather than to diseu.ss tiie ideal 8ei.smologicaIinstitution fora i-ountry ol thf' size of Tmiia. At bur 
meeting the installati’ous at the existing seismological observatories in India were first itn 'Cwed 
and thf^ records obtained from them during the Bihar Earthquakes of 1934 were recalled. It 
was coiiclud.'ul that the installations at exi.sting observatories were inadef|uate and tliat more 
seismologii-al obscrvatoiies are requrrcii ; in particular:— 

(a) There .are no vertical sciamogniph.s in Imlia a.nd it is recoiinuended that Idiese lie in^jiailed 
at Bombay, Agra, and C.aicutta in order to sup|)Iemcnt and complete the inforu'.ation 
now available at these stations from the liorizontul components. 

{b) The ordinary delicate soisitn)graphic installations efficiently record small local shocks 
a,nrl severe flistant shocks, but may he kuockc'd out of action b\' .st.'vere local slor-ks 
u|i to distances of 1,000 miles away from tlic e|;iiecijtre. TTieii' records neeil to l;e 
siqiplenierited in the neighhourliot;d of seismic zones by recoi'ds from insti'niiK'nls of 
a, more robust type.,. Kxperimeutal etyviipmeut for tire stiul^' of moderate or .sr'veie 
local shoeks are now' avnilable. They are not yet fully Siiti.sfaetory but are sufli- 
eiently .so to make a .start now with their installation in India. It i.s recommended 
that instrumetit,s of this type, strong-motion seismogiui)hs as tliey may he ealled, 
be installed at Calcutta. .\gra and Debra Dun. 

(c) The .single-component Omori Seismograph at Debra Dun is ot old type and should he 
supplemented by the more modern Milnc-Shaw Sei.smograph, cont.ainiiig be.tli north 
and east eomponents. 
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{<!) Til-' singlc-oompoiioiit, .Milii«-Sliaw Seismographs at (’alcutta and Agra should he com¬ 
pleted by the oth(U' hnri/.ontal eoiiipon«it. 

The subject of new seismological observatories was fully considereil. Attention was given 
to the new slations proposed by Dr. Bancrji in .August I0;!o anti those proposed by the, Burth- 
ciuake (.loiniiiittee of the Gnologioal Survey. Tt was Hnally decided that the provision and main- 
tenaiKje of all the projKwed seisniograplis would for the prc.sent involve Government in greater 
e.xpen.se than this Conference feels justifhsl in reeomincuiding, but it was recognised that as 
soon as the cost of seismographs of the strong-motion typt? ean lie ehea)tene,d and their main¬ 
tenance cost lowered they .shouhl he in.stalled at a numbiu- of other stations, e.g,, at Digboi in 
Assam. A'enangyaiing in Burma and at a few Universities in northern India. 

(u) The mnv stations and installations reeommended are as follows 

(i) Shillong (if adopted aa H. Q. station) . . Vertical .seismograph, Milne-Shaw, both com¬ 

ponents. Strong-motion seismograph 'J’ilto- 
meter. 

(ii) Patna, l,ahore, Peshawar, Quetta . . Milne-Shaw, both components. Strong-motion 

seismographs. 

(hi) Allahabad, .Maymyo ..... Alilne-Shaw, single component. Strong-motion 

seismographs. 

(iv) Monghyr (or Jamalpur) .... .Strong-motion seismograph. 

(v) Karachi, Waltair ..... jMilne-Shaw, single component. 

Kor the maintenance of the installations at Patna, Lahore, .Allahabad and Waltair it is pro¬ 
posed to sftf’k the aid of the Universit.i<‘s. At Karachi .Meteorological Uffitte the work can probably 
be undertaken without extra staff, but the small meteorological offices at Pi^shuwar and Quetta 
are considertal by the Director (ieneral of Ol)s<u'vatoric.s to be undtu'staffed ami to require strength¬ 
ening if seismological duties are added there. .At Maymyo the work can be entrusted to the 
Survey of India and at .\I()ng|iyr or Jamalpur it is hoped to able to enlist tbt! aid of the E. 1. R. 
Engiiieering Jfepartment. 

(i) .At ,Srinagar it is understood that the Kashmir Government have aln-.ady t.iken ste))s to 
establish a seismological oUservatory. At Kliatmandu it is just possible that arraiigemtuits can 
he made to maintain a seismograph with the aid of staif employed by the British Envoy or the 
Legation .Surgeon at Klmtmumiii ; if this should prove to be possible, the records from that station 
will be valuable. 

n. It will not b(! possible to make ellioient use of th<' records of all the proposed seismographs 
unless a scpar.ate seismological branch is siiniiltaneously brought into biung. We strongly re¬ 
commend to Government that a seismological branch be formed with the following functions :— 
(u) to ileal exclusively with .seismological investigation.s, 

[t>) to esta blish and maintain seismological observatories .along the earthquake hidt and else¬ 
where, as may be sanctioned from lime, to time, 

('■) 11 illc.’f s ‘ij-ii igr.imi fr.).n In liin S-ism ilogical stations and to tabulate them for the 
lUirjiose of study and re.search and for publication, if necessary, 

(./) to keep in t.nich with the latest develop.le.uifs in seismology in other countries. 

Some of the problems whicli should receive the attention of the Olliccr-in-t.duirge of the branch 
have been stafcil by Dr. Bancrji ns follows 

(i) 1.1 .'termination of the exact velocity and acceleration in epicentral regions. l'''or the 
pui'posi' of construcliun of earthquake rc.sistunt buildings, it is very important to 
know e.xactly thi' velocity and acceleration of ground movements in the epicentral 
regions of dis.astrous earthquake.s. The methods at pre.scnf emiduyed for estimating 
the velocity and acceleration are r.atlier rough. The .Seismulogisl may arrange to 
determine these (piantitics more au’.uralely by jiistruiiiental methods. 

(ii) Determination of the distribution aiel frcqueiv.-y of eartfiquake shocks in the earthipiake 
zones oi India including stiiily of th'c mi or shocks that precede and follow major 
carfliijualics. 

(iii) Determination of the exact depths at which the earthc|U.ikcs originate. 

It is considered that some of the seismological stations and llie headquarters oflfiee also should 
bo so oi'ganised that tlirv may act as mobile units immediately after an important earthquake in 
the Indian area. 
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7. It is obvious from the functions of the branch that the officer to be placed in (diarge of it 
sliould ootnbine the basic training of a mathematical physicist with some skill in the handling 
and design of delicate physical instruments. It will be advantageous (but not wholly necessary) 
if he also happens before appointment to have specialised in geophj'sical problems and to have 
shown special ability therein. Shortly after appointment it will be desirable to depute the 
Officer to Japan for 3 or 4 months to see the seismological work being undertaken at Tokyo and 
elsewhere. In order to make the proposed new branch as self-contained as possible it is desirable 
that the Seismological Officer be assisted by a Class II officer, with somewhat similar qualifica¬ 
tions, who will be able, it is hoped, to carry on the work of the branch during the absence of the 
Offioer-in-Chavge. The Officers siiould he assisted by 2 Senior Observers, 1 Junior Observer 
and 1 Clerk and .3 peons. The Junior Observer in additional to the staff originally proposed by 
Dr. Banerji in his note of 1st Augu.st 1935. Thi.s extra post is considered necessary on account of 
the additional seismological station.s which are being recommenfled. There will be considerable 
tabulation work to be done at the .seismological offices in connection with the records of these 
additional stations. 

8 . In order to achieve the double aim of co-ordinating the seismological work being carried on 
in the different departments of Government and of maintaining efficient liaison between these 
departments and the new proposed seismological branch it is recommended that the technical 
supervision of the soismological branch be entrusted to a Seismological Committee consisting 
of :— 

(i) The Director, Geological Survey of India. 

(ii) The .Surveyor-General or the Director, Geodetic Branch. .Survey of India. 

(iii) The Director General of Observatories. 

The Seismological Officer should submit his annual report as well as his programme of investi¬ 
gation for the following year to this Committee. 

9. It is considered that the administrativ'e control of the new seismological branch may, for 
the i)ro8ent, be placed under the Director General of Observatories. While seismology is essen¬ 
tially a science in which the geologiata are mo.st primarily interested, the Geological Survey of 
India does not possess the ,fi.\ed observatories at which seismographs can be maintained. On 
the other hand, the Meteorological Department ha.s an organisation of fixed observatories and is 
able to arrange for regular seismological observations without much difficulty ,and with a mini¬ 
mum of recurrent expenditure. Moreover, as the Seismologist to be }ilaoed in charge, of the 
branch must necessarily bo a physicist and a mathematician, the Meteorological Department is 
perhaps in the best position to .supply leave substitutes i# that becomes necessary from amongst 
the officers on its regular cadre. In England also it happens that seismological stations are at 
observatories under the charge of the Meteorological Office. 

10. To supplement the purely seismological research to be carried out by the new organisa¬ 
tion proposed above, geological and geophysical work is desirable. The former needs no special 
mention or extra funds, but the latter is likely to necessitate the purchase of special instrumente 
of the magnetic variometer type for which an extra grant will be necessary. This branch of 
research will be carried out by the Geodetic Branch of the Survey of India and tlie Surveyor- 
General estimates that a sum of about Rs. 20,000 will be reijuired for these instruments, which 
it will be difficult to find out of his grant for English stores. 

11. Financial Requirements-The schedules of estimated recurring and non-recurring 
costs are attached. The total non-recurring cost is estimated at Rs, 1,08,250, which will be 
spread over two or three years. The recurring cost is estimated at about Rs. 32,000 annually 
in the early years of the scheme and will rise to the average figure of Rs. 42,000 annually in course 
of time. 


H. J. CoiioHMAN, Brigadier, 
Surveyor General of India. 


A. M. Heron, 

Director, Geological Survey of India. 


C. W. B. Normand, 
Director-General of Observatories. 
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Paragraph. 

4 (o) 

(6) 

( 6 ) 

(rf) 

6 (a) (i) 


(ii) 


(iii) 

(iv) 

(v) 

6 ( 6 ) 


SoHEDULB I TO Seismological Committee’.s Repoet. 
Averaffe Recurring Expenditure. 


Bombay, Agra, Calcutta — 

Photograijiiie materials for vertical aeiamograpfas . . . 

dalmtta, Agra, Dehra Dun — 

Charts for three strong-motioa seismographs 

Dehra Dun — 

Charts for two Milae-Shaw seismographs .... 
Calcutta and Agra — 

Charts for two Milne-Shaw seismographs .... 
Shillong — 

Seismologist ......... 

Assistant Seismologist ....... 

2 Senior Observers ........ 

1 Junior Observer 

1 Clerk. 

3 Peons .......... 

Allowances, honoraria, etc. ...... 

Supplies, services, contingencies, charts, photographic and 
other materials for experiments . , , , , 

Other charges including rent of office ..... 

Patm — 

Allowance to Observes at University . . . . . 

Charts, Photographic materials, etc.. 

Lahore — 

(Same as Patna) . , . . • . . . 

Peshawar —. 

1 Senior Observer ........ 

Charts, photographic materials, etc. . . . . . 

Quetta — 

(Same as Peshawar) ........ 

Allahabad — 

Allowance to Observer at University ..... 
Charts, photographic materials, etc. ..... 

Maymyo — 

Allowance to member of Survey of India staff 
Charts, photographic materials, etc. .... 


Monghyr (or Jamalpur )— 

Allowance to Observer from Engineering Department of E. I. R, 
.Jamalpur ......... 

Charts, photographic materials, etc. . . ■. 

Karachi — 

Work to be done by meteorological staff there (no allowance) . 
Chart.s, photographic materials, etc, .' . 

Waltair — 

Allowance to observer at University . . , . . 

Charts, photographic materials, etc. . . . . . 

Khalrmnd'U — 

Allowance to ob.server ....... 

Charts, photographic materials, etc. . . . . , 


Scale. 

B.S. 

Annual 

average. 

Es. 


750 


450 


500 


500 

300—950 

200—600 

70—160 

40—100 

40—100 

15 

8,040 

4,992 

2,832 

864 

864 

640 

2,000 


4,000 

5,000 

40 

40 

480 

700 

480 

700 

70—160 

1,416 

700 

70—160 

1,416 

700 

40 

480 

450 

25 

300 

450 


20 

240 


1.50 


250 

30 

360 


260 

20 

240 


150 


Total 


41,244 
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Sr iTEni LE II T(.) Sv^lSMOLOOICAL COMMITTEE’S llErOKT. 
Non-Recurring Expenditure. 


Paragraph. Rs. Rb. 

4 (a) Bombay, Agra and Calcutta — 

3 Vertical seismographs ....... 6,000 


(6) CaUiiita, Agra and Dehra Dun — 

3 strong-motion seismographs . . . . . . 4,o00 

(c) Dehra Dun — 

2 .Milne-Shaw seismographs ...... 3,000 

(d) Calcutta and Agra — 

2 Miliic-Shaw seismographs ...... 3,000 16,500 


6,000 

6,.500 

1,000 

850 

300 

200 16,760 


9,000 

1,700 

600 

400 

- 11,700 


Quetta and Peshawar — 

6 Seismographs ......... 0,000 

2 Chronometers ........ 1,700 

2 W/T receivers ........ 600 

2 Time-marking elocks ....... 400 

2 Seismograph hots and installation ..... 9,000 

- 20,700 

(iii) Allahabad — 

2 Seismographs ......... 3,000 

1 Chronometer ......... 860 

1 Time-marking clock ....... 200 

- 4,050 


-5 (d) (i) Shillong— 

Seismograph hut and installation 
4 Seismographs . 

1 Tiltometer 
1 Chronometer . 

1 Wireless receiver , 

1 T^ime-marking clock 


(ii) Patna and Lahore — 

6 Seismograph#. 

2 Clu'onoineters 
2 W/T receivers 
2 Time-marking clocks 


Maymyo — 

Hut for seismograph ........ 4,000 

2 Seismographs ......... 3,000 

1 W/T receiver ......... 300 

1 Time-marking clock ....... 200 

1 Chronometer . . . . . . •. . . 860 

- 8,360 


liv) Monghyr (or .Jamalpur )— 

Seismograph hut and installation. . . . . . 3,500 

1 Seismograph ......... 1,500 

1 Chronometer ......... 850 

1 W/T receiver ......... 300 

1 Time-marking clock ....... 200 


6,350 
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Schedule II to Seismological Committee’s Report. 


Paragraph. 


6 (a)— contd. 

(v) Karachi and- Waltair — 

2 Seiamographs , 

2 W/T receivera 
2 Timo-marking clocks 

1 Chronometer . 

10 Geophysical Survey — 

2 seta of magnetic variometers 


Es, Ra. 


r * • 

3,000 


- 

600 


. 

400 



850 

4,850 



. 

20,000 

20,000 

Total 


1,08,250 


APPENDIX 8 

SCHEME FOR SEiSMOLOGlCAL OBSERVATORIES IN INDIA. 

By Dr. K. R. Ram.\.\athan. 

A Seianiological Committee appointed hy Goveriimont and consisting of tlic kSurveyor-General 
(Brigadier H. J. Couohmaii). the Director of the Geological Survey of Intlia (Dr. A. M. Heron) 
and the Director General of Observatories (Dr. C. VV. B. Normand) submitted a report to Govera- 
ment in January 1930 reviewing the state of scisinological organisation in India at that time and 
making doflmue reooinineudation.s for the formation of a Scismological Branch under the ad¬ 
ministrative control of the Director General of Observatories and the. technical supervision of a 
Seismnlogioal Committee consisting of the Director, Geological Survey of India, the Surveyor- 
Genera! and the Director Gcnei'al of Observatorie.s. The report also gave an estimate of recurring 
and non-recurring costs—the former amounting to Rs. 42,00(1 a year and the latter to 
Rs. 1,08,260. 

The Government accepted the recommendations in princijde but for financial reasons were 
not able to give eflect to them. 

In 1939, the Government agreed to create a po.stof “ Specia l Officer for Seismologioal Research” 
temporarily for a period of 6 years in Central Services Glass I] of the India Meteorological Service 
and a Junior Clerk and a peon to lielp him—the funds to be mot from the sanctioned budget 
of the India Meteorological Department. 

In December 1943, the Government sanctioned the continuance of the post of Seismologioal 
Officer, a clerk and a peon for a further period of 5 years from 23rd November 1944. 

In January 1940, the Government ag7’ce<l to convert the post of Seismological Officer into 
that of a Seismologist in the cadre of Meteorologists in Indian Met. Service, Cla.ss I. 

During these years, the collection o’f data from existing seismological observatories, their 
scrutiny and preparation for publication in the Seismological Bulletin have been going on. Some 
theoretical work has been done and also work on the development of a strong-motion seismo¬ 
graph. During the war years, instruments could not be got from abroad. The department was 
pre-oocupied with more immediate items of work and the staff for the Scisniologica! Section 
was totally inadequate and could not be supplemented. 

The recommendations of 19,30 Committee were with a view “ to suggest the minimum organisa¬ 
tion required rather than to discuss the ideal seismological institution for a country of the size of 
India.” It is high time to implement the recommendations of the 1936 Committee with the 
following alterations and additions. 

1. The staff proposed in 1936 for the Headquarters Office was :— 

1 Seismologist, 1 Asstt. Seismologist, 2 Senior Observers, 

1 Junior Observer, 1 Clerk and 3 Peons. 
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Considering that the work required of the Section will include :— 

(1) Construction or Purchase of new instruments after preliminary correspondence with 

specialists abroad, their testing and installation; 

(2) Maintenance, Supplies and Inspection ; 

(3) Training of Assistants and Observers at Outstntions ; 

(4) Collection of records, their scrutiny and publication of Seismologieal Bulletin ; 

(5) Stuily, publication and experimental work ; 

(G) Liaison with oflBcers of the Geological and Geodetic Surveys, 
it is considered that the minimum Headquarters Staff should be :— 

1 Seismologist (Class I) —already available. 

1 Aasistant Seismologist (Class II). 

1 Inspector (of the grade of Professional Assistant) (PiS. 170-3.50). 

2 Seismologieal Assistants (of the grade of Meteorological Assistants in the Inctia Met. 

Dept. (Ks. 130-270)). 

1 Senior Clerk. 

1 Draftsman. 

1 Typist. 

1 Mechanic. 

1 Laboratory Assistant and 3 Peons. 

2. The estimated cost of non-recurring items—buildings and equipment—should bo increased 
by a factor of 1-5 to 2. The India Met. Departenent shoulil also revise the figures of reeurring 
cost before submitting case to Govesnmeut. 

3. At least to start with, the Headquarters of the fieismologist should l>c at Poona uhere 
workshop and library facilities are available. (The difiiculty at Delhi now is want of accommoda¬ 
tion). 

4. The objectives of the Section should be :— 

(a) (Purchase, or better, construction of instruiuents, to measure the accelerations, periods 
and amplitudes of ground movement, in earthquake zones with a view to provide 
data for rlosigning earthquake resistant buildings and structures. 

(6) Organisation of scismograirhic observatories to determine the distribution and frequency 

of earthquake shocks iu the earthquake zones including study of minor shocks that 
precede and follow major earthquakes. 

(c) Determination of the depths of earthquakes and of the velocities of travel of earthquake 

waves at different depths in different regions. 

(d) Study of micro.seisms associated with disturbed weather in Indian seas. 

Special attention should be paid to the study of earth movements at sites of big 
dams like the Sukkur barrage in Sind, -proiiosed dams across the Teesta and the 
Daniodar dams. 

5. The Section should aim at completing the present programme of development in Jive years 
from the date of sanction. 

6. The priority for seismograph stations should be :— 

Dehra Dun, Patna, Peshawar, Quetta, Karachi, Dibrugarh, Shillong. 

For strong-motion instruments, dam sites in the Punjab, Khatmandu and Teesta Valley. 
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APPENDIX 9. 

MEMORANDUM ON RLAN FOR A SKJSAIOLOGICAL STATION NETWORK IN INDIA 
WITH SRECIAL REFERENCE TO THE KOSi' RIVER DAM PROJECT. 

R.y THE U. .S. CUAST AND GeODKTIC SeKVEY, WaSHINDTON. 

Fortword .—Siicli a mitwmk, if developiHl along cotiipi'phensive Hiii'S, would involve (he use 
of foiir types of scisraograpli.s ; namely, (1) aooe.lArographs or strong-motion seisinograplis to 
rectjrd ground movements of dosti’uetive magnitude, (2) high juagnification seismograpJis to 
locate weak local shocks to detect and outline active f-ault zones, (2) intermediate type seismo¬ 
graphs to locate moderate and strong shocks througlunit the entire north India and Himalayan 
seismic bolt, and (4) standard “ lamg-range ” Bin.sinographs to ojwrate in Central and Southern 
India. A brief descri])tion of each type with basic operating characteristics and approximate 
cost follows ;— 

/. SiioHrj-Moivm iSei^mnyniplis .—(</) To operate only when automatically aetiiated by 
eartht|Liakc vibrations. 

(b) 'L’he. Coast and Geodetic .Survey aeeelerograjdi used in California is desciihed in Special 
Publications 201 and 206. Three coniponents M.aOO ea. Velocity am! displaccinenl curves fur 
engineering research can he computed from the records by integration methods. Sec symposium 
cntitjled '‘ The Determination of 'I'nie Ground Motion by Integration of StKjng-Motion Re¬ 
cords " in the Rnlletin of the Soismological Society of America, January 10411. 

(c) Coast and Geodetic Survey strong-motion seismograph. A new inexiKnisive tyiJe of 
instrument costing from SKH.) to 82.60 is now being designed by Coast and Gcoddic Survey 
for wide distribution as a substitute for the Weed seismograph described in Special Publication 
201. Recording will probably be on smoker! pajipr, damping magnetic. P'lihablc period 
O-o. sec.; magnification 3. 

JJ. High Scnsitiviti/ iSeismogivphd for Recording ]r«'/.r Local Shoclcu. —(u) To oirerate continu¬ 
ously on a 60 mm./min. time-scale. 

(b) Benioff seismographs, galvano nelric, hori7.ontal and vertical compoiiciits, reem'd on 
paper or film. Pendulum period 1 sec. ; maximum magnification 100,000 ca. ; ,S."),000 ca. ior 3 
seismographs including recorders. For roughly 8300, one component, preferably Z, can be 
ma.<le both soii.sitive and inseri.sitive by operating a .separate galvanonieter tlirough a shunt. 

(c) Wood-Anderson seismographs, non-galvanometric, two horizontal components, plioto- 
graphic recording on paper. Pendulum periods 1 and 6 sec., magnifications 2,800 and 4.60 res- 
jx-ctively ; .81,600 ca. for 2 seismographs including recorders, 

(d) Sprengnether seismographs, small models, galvanometric, three coiirponents, )ihoto- 
graphic recording on paper. Short period ; magnification several tliousa.ncls ; -84,000 ca, for 3 
seismographs including recorders. 

I]I,—1 nte.rmeduile Type Schwiogrciphs for Location of EarthguaTces, from 100 lo 1,000 Miles 
Distant. —(a) To operate continuously on at least a .30 rnin/min. time-scale, preferably 60 mm/min. 

lb) Wnod-.4nder.son seismographs two horizontal components, Pejidnln/n period 6 sec. ; as 
listed in II (c). 

Also, one vertical motion Renioll seismograph ; as listed in II (b). 83,100 ca. for .! seismo¬ 

graphs including recorders. 

(c) Sprengnether seismographs, .small models, 3 components ; as listed in 11(d). Instruments 
period adjustable ; magnification .3,000 ca ; S4,000 ca. for 3 seismographs including recorders. 

IV. Long-Period Standard Seismographs for Recording i)i.stanl Earthquakes.—{a) To operate 
continuously on 30 mm/min. time-scale. 

• (6) Sprcngnetljer long-period seismograyihs, large models, galvanometric, three oomiJoncnts, 
85,000 ca. for seismographs and recorders. 

(c) Other suitable types are the Wilip-Galitzin ; Milne-Shaw’; MeComb-Romberg (non-tilt 
type) ; and Wood-Anderson Uong period type as described in III (b). 

V. Auxiliary Equipment, —Clock radio equipment and other accessories add about $600 to 
the cost of each station. 
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Poucv IN Planning Stations and theik Distribution. 

Acceleration Measurements .—Accelerographs should be installed only in active seismic regions, 
preferably in cities which may be subject to destructive earthquakes. As the Kosi Dam may be 
considered in such a zone and conceivably subject to earthquakes as .severe as those which struck 
Quetta in 1935, Bihaf in 1934, Pegu, Burma in 1930, and Kangra in 1906, provision should be 
made for recording accelerations equal to the value of normal gravity or greater. Experience 
in California has shown that much Mgher accelerations are to be expected on river alluvium than 
on rock, and the recording capacity of the accelcrograph should be adjusted according^. See 
page 33 or serial 672 for accelcrograph sensitivities adopted in the Los Angeles, California area. 

Several accelerographs should be installed within a radius of 25 or 60 miles of the Dam site 
including the site itself. The number of such instruments used over the active seismic areas of 
northern India will no doubt be controlled by economic considerations, but for engineering pur¬ 
poses a wide distribution is desirable. In California about tw'clve such instruments are located 
in San Francisco and a similar number in Los Angeles. 

Engineers on the Pacific coast, realizing the need for a less expensive type of strong-motion 
seismograph, have recommended that such an instrument be designed by the Coast and Geodetic 
Survey and widely distributed in important seismic areas. The records obtained from accclero- 
grapfas which are now costing $3,500 each (four times the cost in 1932) can be treated mathema¬ 
tically to obtain corresponding velocity and displacement curves and arc thus susceptible to 
exhaustive analysis in the solution of enginocring-seismological problems. The less costh- 
instrument will not be suitable for such precise work but will nevertheless, give reliable data on 
the general magnitudes and periods of ground movements. In the proposed program for India, 
a satisfactory solution would likewise seem to be the acquisition of a few accelerographs of the 
high precision type and a rather broad distribution of a less expensive type. 

Investigation of weak Local Shocks at Dam and Elsewhere .—The instruments listed under II are 
intended for the precise location of weak and often unfclt shocks in active seismic areas which 
need to be investigated for engineering or other purposes. At least three stations should be 
established in and around the area to be intensively studied. It may be expected that after 
several years of opc|ation (to determine the regional travel-time characteristics) local shocks 
may bo located withm approximately a kilometer. In southern California it is felt that such a 
network has made it possible to associate the majority of earthquakes with known fault systems 
or baa revealed hidden faults. The stations should not be more than 200 miles, preferably about 
60 miles, from the area under investigation. In the Boulder Dam area three stations were estab¬ 
lished in the pattern of a triangle roughly 40 miles on a side, but later it was felt that grouping 
them closer to the Dam might have been more effective. A network of this general character is 
suggested for the Kosi Dam area or any other active area in which engineering and economic 
considerations seem to justify the cost. In the United States three areas are under such instru¬ 
mental control—San Francisco, Los Angeles, and Boulder Dam. Sec Seismic Investigations in 
the Boulder Dam Area, 1940-44 by D. S. Carder in the Bulletin of the Seismological Society of 
America, October 1945. 

Location of Earthquakes in Extensive Seismic Areas .—The seismic zone of the Himalayas and 
northern India is one which seems to require a chain of intermediate type seismographs mainly 
outside its southern boundary to obtain adequate seismographic control. The instrumente 
suggested in III seem to satisfy requirements inasmuch as their most effective range is from 
100 to 1,000 miles. A group of perhaps five stations stretching from the general region of Calcutta 
to Karachi would be ideal except for the desirability of having at least a few stations in the far 
north, for example, at Lahore. Existing stations at Agra, Ahpore, and Dehra Dun would provide 
excellent starting points for such a network if modem instruments were installed. 

One of the most effective instrumental combinations for this type of program consists of two 
Wood-Anderson horizontal seismographs and one vertical-motion Benioff as indicated in HI (6). 
If funds for the India program are limited and only one type of station act-up were considered 
practicable to cover all needs, this particular grouping would serve fairly well as a substitute for 
the Benioff instruments suggested in the investigation of weak local shocks, and for the long- 
range seismographs discussed in the following paragraphs. The operation of only one vertical 
component Benioff seismograph has been suggested on good authority as quite an effective ins¬ 
tallation for auxiliary stations but this sensitive instrument requires careful handling. 

Location of Distant Earthquakes .—Instruments for such work constitute the standard type of 
seismograph found at most stations. They arc intended for the recording of earthquakes occur¬ 
ring anywhere in the world. Inasmuch as a basic objective in planning a world network of sta¬ 
tions is to obtain uniform distribution, a station or two of this type in southern India would serve 
this purpose and furnish valuable data on earthquakes in the seismic zones of northern India- 

D 
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In order to study the mechanics ot a destructive earthquake, seismologists utilize not only the 
records obtained in the immediate region of the earthquake but also those obtained all over the 
globe. The travel-time curve which forms the basis of all seismological studies relating to regional 
variations in crustal structure would not bo complete for a major earthquake in northern India 
unless satisfactory data from central and southeim India were available. Milne-Shaw seismographs 
now operating in India serve this purpose to a limited extent but some instruments of higher 
magnification should also be operated. At stations where instruments now considered obsolete 
are operated, every effort should bo made to recondition them to obtain satisfactory records of a 
major shock should one occur, especially with reference to time control. The importance of 
precise time is evident when it is considered that the most important seismic waves travel over the 
surface of the earth at speeds of 10 and 15 miles per second. 


The Engineering Problem. 

In the absence of authentic data on destructive earthquake movements engineers have for 
many years resorted to the use of a hypothetical ground wave to compute probable stresses in 
engineering structures induced by earthquakes. This is a sinusoidal wave of 1 inch single ampli¬ 
tude, 1 second period, and 0-1 gravity acceleration. The purpose of collecting instrumental data 
on destructive motions is primarily to improve on this hypothetical formula but up to the present 
time the data have been too meagre to arrive at any definite conclusions, and the application 
of the data to practical problems is technically difficult. 

In recent years the Coast and Geodetic Survey has compiled data in the form of period-ampli¬ 
tude graphs but all of these have not yet been published- See MSS-9, Analysis of the El Centro 
Aecelerograph Record of the Imperiai Valley Earthquake of May 18, 1940, and Period-Ampli¬ 
tude Analyses of Strong-Motion Records in the 1944 Transactions of the American Geophysical 
Union, Part II, pp. 290-294. Engineers are interested primarily in the results obtained from only 
a very few major shocks rather than in the many records of moderate which are recorded. Much 
data, however, have been subjected to critical theoretical and laboratory treatment. One 
of the recent advances in this field has been the devblopment of the torsion pendulum analyser 
which performs a computation yielding the resulting motion of a given structure when subjected 
to a known ground motion. This apparatus is described in detail by M. A. Biot in the April 
1941 number of the Bulletin of the Seismological Society of America and again in the Transactions 
of the American Society of Civil Engineers for October 1943. 

As the primary need of the engineer is to know what maximum motions to expect in a des¬ 
tructive earthquake, the establishment of a chain of strong-motion stations in the northern India 
seismic zone will be an invaluable contribution. Up to the present the analysis of the Imperial 
Valley earthquake record obtained at El Centre in 1940 is perhaps the most comprehensive yet 
made but its application to practical engineering problems still affords an opportunity for 
further theoretical and laboratory research. It will be noted in MSS-9 that the maximum 
acceleration almost reaches 0-4 gravity instead of OT gravity as generally used in designing earth- 
quake-resistant structures but this high value is for high frequency waves of extremely small 
displacement. Note too that the Imperial Valley earthquake was by no means & major disturb¬ 
ance. 


APPENDIX 10. 

TERRESTRIAL MAGNETISM WORK IN INDIA AND BURMA. 

By J. DB Graaff Hunter. 

1. A systematic magnetic survey of India was commenced by the Survey of India early in 
the 20th century. The following note refers almost exclusively to this and to proposed future 
work by the same agency. The much longer history of Colaba/Alibag observatory is properly 
dealt with by Dr. Banerji: results obtained there, were made available in support of the general 

surrey. 

Several observatories were sat up and maintained for considerable periods as shown in the 
following table. They wars originally intended to serve for the proper reduction of field 
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■obaervationa for which—owing to the large area to be covered—a single observatoi;y was no 
deemed adequate: 

Magnetic Obserwuiories of the Survey of India. 

Period of oprrailon. 

Opened. Closed. 

Dehra Dun ......... 1902 1943 

Earraokpore ......... 1903 1915 

Toungoo. 1904 1923 

Kodaikanal ......... 1902 1923 

Field observations commenced in 1901 and wore mostly completed by 1913. In all 1,399 

stations were occupied. There were in addition 80 Bc-pr-at Stations. 

Some regions where anomalies had been revealed were further investigated with negative 
results (pp, 20, 21 of “ Records of the Survey of India, Fol. XIX ”). 

2. 1914 Committee. —In 1914 Government constitntird a Committee “ to consider the preKont 
position of the Magnetic Survey and advise as to the stei>s to be taken to complete if ” 
The Committee consisted of— 

President. —Dr. G. T. Walker, C.S.I,, Sc.D., F.R.S. 

Memhera. —Captain H. H. Thomas, R.E. 

Me. J. de Graape Hunter, M.A. 

It submitted its report in March 1914. 

3. Results .—World war I prevented the early implemeiiting of the recommendations. Finally 
in 1925 results of the magnetic survey were published in Records ofthe Survey of India, Vol. XlXj 
The Magnetic Survey of India, 1901-20. 

4. Later History. —(a) Obsernatories: The subsequent history of the magnetic Survey up to< 
1930 is mostly indicated by the table in section 1. Barrackpore Observatory was deemed, 
redundant for the post field survey period by the 19J4 Committee and was closed in 1916) 
Toungoo and Kodaikanal observatories were closed in 1923 : after which Dphra Dun (-l-Colaba- 
observatory alone continued in operation until 1943. At that time the flooding of the under 
ground observatory and enoroaobment of buildings essential for war purposes led to the closing 
oftheDehra Dun observatory and its subsequent condemnation. As magnetic observations 
could no longer be conducted there s.vtisfactorily, it was decided to discontinue them entirely 
and to consider after the war the establishment of a better observatory at an undisturbed site. 

The 1914 Committee had stressed the value of maintaining a few observatories rather than 
the periodic reoccupation of Repeat Stations : considering that tlieir objective was sdientifio 
rather than economic. It considered that Barrackpore Observatory could be dismantled (whioh 
was promptly done) and that the 3 remaining observatories with Colaba would meet future 
needs. It contemplated a second magnetic .survey in 1935 or 1946, years of sunspot minima. 
The Bepeat Stations were not further reoecupied : but in 1923, on financial grounds which 
Overrode other considerations, Kodaikanal and Toungoo observatories were elosad. Only 
Debra Dun and Colaba were in operation after 1923. 

(6) Field obsermtions .—With , only two observatories in operation and no reoconpation of 
Repeat Stations, the situation naturally deteriorated. It. became impossible to assess secul.ar 
change of declination even adequately for statement of declinations printed on Survey of India 
maps. .About 19.30 an attempt was made to recover the situation and 37 Repeat Stations in 
KW and Central India (reasonably covered by Debra Dun and Colaba Observatories) were 
reoecupied ; at the same time it was proposed to reopen Kodaikanal and Toungoo observ.atoticB 
in time for the following field season. Again financial considerations intervened and the ob¬ 
servatories were not reopened ; and no further work on Repeat Stations was done. 

In 1943, the situation, which obviously had become far worse, was such that doubts eaoced- 
ing one degree as to the values of declination existed. Obviously Burma Repeat Stations could 
not be reoecupied, but a number of those on a line from Assam to Ceylon were ooenpied (for 
declination only) in 1943 for military reasons. Since then all other Repeat Stations have been 
reoecupied and observations for declination, dip and horizontal force have been taken. The 
results are of lower precision than what was formerly achieved in that full correction for diurnal 
change and minor disturbances could not be made, lacking observatory cover. They eerved 
however to allow reliable isogonic lines to be drawn and brought to epoch 1942. The remits 
were published in Wsr Research Pamphlet No. 6. Further field work is still in progress. 

l;2 
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6. Future Work. —It is now for oousidetation what the future policy should be as regards 
magnetic survey. 

Since 1914, the balance between scientific and economic objectives has undoubtedly shifted. 
From a scientific point of view, it is desirable to reopen at least Dehra Dun and Kodaikanal 
observatories or alternatives to them. 1 understand that the observatory at Kodaikanal, 
transferred to the Director, Solar Physics Observatory in 191(> and closed in 1923, still exists. 
That of Dehra Dun is no longer available and is under orders of demolition. It has been suggested 
that a new observatory should be constructed in Dehra Dun district outside the range of elec¬ 
trical developments and that with it should be associated earth current measurements. A 
site, which I believe, will serve both purposes has been provisionally selected alter enquiries 
made as to the anticipated electrical developments in the neighbourhood. Situated some IS 
miles from Dehra Dun, it is reasonably accessible, which would permit personnel employed to 
keep in touch with wider scientific activities at Dehra. 

Kodaikanal (latitude i0‘’-2, longitude 77°-5) lies some 70 miles north of agonic line (zero dip) 
which passes close to the southern tip of India. There seem advantages in using the old ob- 
eervatory rather than building a new one elsewhere. 

Kroin the Survey of India point of view, and I think also for geophysical reasons, there is 
good reason for a regular programme of reoccupation of the Repeat Stations at intervals of 5 
years. To my mind they give the secular changes, lequirea particularly for keeping declination 
up-to-date, more practically and completely than can be derived from a limited number of 
observatories. The information is of increasing importance for aerial navigation. Indeed for 
such reasons I consider that additional Repeat Stations should be created and maintained outside 
the land boundaries of India in collaboration with other external agencies. A limited number 
of wen chosen Repeat Stations will serve to keep up-to-date all land and maritime magnetic 
survey. I have recent eipecienoe of the opposite situation. 

6. Conclusion.—1 consider that the following should be included in the programme for future 
magnetic work:— 

(а) Observatories at Dehra Dun and Kodaikanal or alternative sites, 

(б) Quinquennial occupation of existing Repeat Stations of old magnetic survey. 

(c) Quinquennial occupation of additional Repeat Stations external t:> India as may be 
arranged. 

APP£MUZ 11. 

SCHEME FOR MAGNETIC, EARTH CURRENT AND COSMIC RAY OBSERVATORIES 

IN INDIA. 

By Da. K. K. Ramaitathan. 

At present there is only one Magnetic Observatory in India, at Alibag, maintaining continuous 
mgistration of Terrestrial Magnetic Elements. The Association of Terrestrial Magnetism and 
Electricity of the International Union of Geodesy and Geophysics at its meeting in Lisbon in 
1933 recommended the re-starting of a magnetic observatory in the nejghboui'bocd of Cape 
Comorin in the extreme South of India in view of its proximity to the magnetic equator. The 
nearest magnetic observatories outside India are Tashkent in U. S. S. B., Hongkong in China 
*nd Batavia in Java, of which the last two places stopped functioning in the last few war years. 
In view of the range of latitude covered by India S^N to 36°N, it is considered desirable that 
there should be at least 3 magnetic observatories in India—-oi e in South India near the magnetic 
equator, one at Alibag or its neighbourhood (if Alibag has to be closed down due to threat of 
artificial disturbances) and one nearabout Dehra Dun, 

2. It is important that the sites for magnetic observatories should bo so chosen that artificial 
disturbances from electric current or from structures with iron in them are not likely to affect 
the records for many years to come. In view of the fact that variations in the earth’s magnetic 
field, natural earth currents, and cosmic ray intensities are highly correlated, it is desirable that 
areas for continuous registration of earth cui’reut and cosmic rays should be set up at the magnetic 
observatories, it may also be convenient to make observations of atmospheric electricity at 
the same place. The observatories therefore should be built within a large enclosed area, say 
of about 100 acres, and that they should be in a reserved forest through which electric power 
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lines will not he taken. After fixing the areas in cooperation with the provincial authorities, 
©fiForts should be made to secure the inviolability of these specially reserved areas by legislation, 
if necessary. Naturally, quarters will have to be built for the staff working in the observatories. 

3. One of the three proposed Magnetic, Earth Current and Cosmic Ray observatories should 
act as a Central Geophysical Observatory for testing and standardising instruments and making 
arrangements for their inter-comparison, etc. It is proposed that th(^ Magnetic Observatory at 
Bombay (Alibag) or its successor should undertake this function. Testing of magnetic coin- 
passes for ships may have also to be undertaken in the future. 

4. Repeat stations for magnetic secular variation work should, as far as possible, be in places 
where structures with magnetic material in them are not likely to grow up iu their neighbour¬ 
hood. In its 1939 meeting, the Association for Terrestrial Magnetism and Electricity 
emphasised the desirability of determining, by obseiwations at special repeat stations, to what 
extent great local anomalies of the Earth’s magnetic field were reflected in the secrjlar change. 

5. Equipment for Magnetic, Earth Current, Cosmic Ray and Atmospheric Electric Observa¬ 
tories. —The primary function of a magnetic observatory is to obtain continuous records of all 
the magnetic elements (D, H and Z or X, Y and Z1 for which the magnitudes and times of varia¬ 
tions and the earth’s field can be determined. The records have to he correlated with absolute 
observations at regular intervals and there should be regular programmes of observations, tost, 
standardisation and reduction and publication in standard form. 


A.— Additional equipment for Central Geophysical Observatory — 


Magnetic instruments— 


(i) La Cour quick-run magnetographs and recorders and standardising coils. 

(ii) Sohuster-Smith coil Magnetometer for measuring H iuoluding potentio- 

meter, standard cells, galvanometer, etc. 

(iii) (C. I. W.) Astatic magnetometer for the testing of materials for feeble _ 

magnetisation. 

(iv) Two La Cour quartz-fibre horizontal magnetometers mounted on theo¬ 

dolite base. (Q. H. M.). 

(v) One Askania Schmidt Z Field Variometer. 

Cosmic Ray Meters— 

Two Compton Bennett precision recording Cosmic Ray Meters. 

Equipment for Earth Current Work— 

Leeds and Northrup or Cambridge multiple-point recorder-—installation of 
2 miles length of lines. Other electrical equipment. 

Atmospheric Electricity Work- 
Electrometers (Quadrant, Uni filar, Bifilar). 
lonior Oolleotors. 

Recording Conductivity apparatus. 

Recorders. 

Calibrating condensers. 

Cathode-Ray Oscillographs. 

Ion-Counters (small, intermediate and large). 

Nuclei counters. 

Valves and wireless apparatus. 


Estimated 
P,s. 40,000. 


EBtim.ited 
Rb. 50,000. 


cost 


cost 


®.—Equipment for new Magnetic and Earth Current observatories — 
Theodolite Magnetometer for absolute measurements of D and H. 

Earth-Inductor with galvanometer. 

2 Chronometers. 

1 Clock and 1 W/T Receiver. 

Recording variometers for H, I) and Z with time marking clocks. 
1 Horizontal variometer (for eye-reading). 

Earth-current .set up with galvn. resistance, lines, etc. 

■ C .—Equipment for new Atmospheric Electric Observatories — 
Continuous measurements are required of— 

Potential Gradient. 

Positive and Negative conductivities. 

No. of small, intermediate and large ions. 

Rate of production of ions. 

Point discharge currents. 

Equipment for special studies. 


1 

J-Estimated cost 
j J'B. 00,000. 

J 

! 

]t-Estiraatcd cjosfc 

! RS. It0,000 

i 

I 

.J 
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Buildivgs for Magnetic and t'larili Ouimt Obaervalorief .— 

i'l) Absolute observation building. 

(b) Variometer building. 

(r) Office building, records, leboratoiy and dark room, 

(d) Quartera for 1 Officer, 4 Assistants, 3 Peons. 

(«) Atmospheric Electricity. 

(/) Meteorological instiairaents installation. 

APPENDIX IS. 

.N'O’I E ON EARTH-CURRENTS. 

Jill Dr. K. E. Ramanathan. 

1. Earth currents are cin'icnt.s tl(;wing between neuiral electrcdes tnibedded in the eartla 
»nd not caused by man-made pener-.systeiiis. They may be:— 

(1) mairiiy local, caused by ebemieal processes, tempeiature diffcicnces, ccfan-tidfs etc., 
or 

(S).-part of a world-'wide system, showing correlations with other world-wide ibtrcirena 
like changes in tlie ear tli’s magnetic field and aurorae. 

Leakage from electric pone]' systems, especially caitb.cd D. C. systtms, cen n ask the currents 
duo to i.atural catises. Tbe magnetic offiservatcrics at Cietnrtich, Farif, Ecmbay ,':d Cepen- 
hagen had to be shifted due to the magnetic efl'eets of leakage (urrents frem r.eighbciiring 
electric railways. 

The Kiodern tondcncy is to ruse duplicate electrodes and measure currents in both N-S and 
E-Vv' directions. Either galvanouKdei'S or potenticmelcrs are used to measure earth-pctentials. 
Wo: rld-wide “ earth-ciuTent.ti ” alternate in direction during the day’. 

2. Systematic continuous legisti-ation of earth currents have been made for purely scientifio 
purposes at: — 

Greenwich. 1865-67. 

Barlia. 1883-91. 

Faria.Early nineties. 

Ebro (Spain).1910. 

V/atheroo (Australia) ....... 1923. 

Huanoayo (Peru) ...... . 1920, 

Tucson (Arisona) ....... 1931. 

Measurements for shor t por'iods have also been made at a number of Polar Staticui.- aiid at 
Colaba ,riid Alibag, Bombay. 

3. The available data of daily variations show tbe existence of a system of current whorls 
inside the earth, spaced sy inmctrically with re.spcct to the equator and moving round with the 
«un. The whorls on the sunlit side of the earth are more pronounced (Gish). 

Earth-current “ storms ” occur associated with magnetic storms. As in the case of tire latter, 
the amplitudes of the distur bances are larger at high latitudes than at middle or Jove latitudes. 

There is no doubt that there is a high correlatioir between the variatioi s in ear th-cinrents 
and the magnetic vai'iations. Both are due to tire effect of electric- cnirents ein nlaiing in the 
■upper conducting atutosjrbeic, 'I’be detailed inter-relations between tbe lun have yet to be 
■worke-d out. 

Eor this, we want data. 

4. The jrhenomenon of ear th-currents is ccmplicatod. It is affected 1 y the stiatificatkn of 
the sub-soit with r'espect to coirduettvity and the distribution of land and sea with their 
enormous differences in eondirctivity and “ skin-effect The number of observatories 
regularly recording carth-curr'cnts are very lew. The piaucity of obser vations is greatest in 
low latitudes. 

As Rooney has said, “The fragmentary character of the observations lia.s been a real handicap 
to the investigation of earth cunents, particularly since no single observations can be secured 
■wh’ch are entirely free from the masking effect of extraneoirs potentials .such as t hose due to 
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electrochemical action. More widely distributed observatories jrould do much to clear up the 
uncertainties and misapprehensions arising at times from this source and when considered in 
connection with magnetic records and with the enlightening data now made available by the 
recently developed technique for investigation of the ionosphere, should lead to a far better 
understanding, not only of earth-currents but of other allied phenomena as well 

6. With the largo range of latitudes that India covers, it would be of great value to 

maintain continuous registrations of earth-currents in at least two places, one in South India near 
the magnetic equator and another in North India in the Indo-Gangctic alluvium of the Punjab 
or west U. P. A third registration station near the magnetic observatory at Alibsg is also greatly 
to be desired. 

APPENDIX 13. 

MAGNETIC PROGRAMME. 

By Mr. B, L. Gulatee. 

1. There are 67 Repeat Stations in India, 12 Repeat Stations m Burma and 1 in Andamans. 
The Indian Stations have all been visited from 1943 to 194.5, but owing to non-existence of 
observatories, the results have not been reduced with full refinements. Stations depending on 
AUbag and Dehra were reduced for Alibag alone and others were not reduced at all. 

It is no use observing now or even a year hence, because the S. V. deduced from such a short 
period will be burdened with considerable error. Energies must first be directed to rehabilita¬ 
tion of the older observatories. 

2. Arguments for enhanced magnetic activity arc given in the attached note. The continuous 
magnetic work at Dehra was stopped from 18th August 1943, and the absolute work from October 
1943. The absolute houses as well as the underground observatory have been demolished and 
their site is entirely useless as there is a considerable amount of iron round about due to the 
buildings erected during war. 

Previously the absolute work consisted of:— 

Declination—thrice a week ; H. F.—thrice a week ; Dip—daily. 

3. A visit to the Repeat Stations during 1943-46 revealed that the sites of some of them were 
becoming useless for magnetic observations duo to construction of buildings containing iron 
and the proximity of habitated areas. In order not to lose the continuity of our magneiic work, it 
was decided to select fresh suitable sites after taking simultaneous comparative observations 
at both the old and new ones. There were 23 such stations out of which 16 woie obsei ved 
last year and 7 will be observed this year. Actually the continuity has been broken already 
in 2 respects:— 

(а) By discontinuance of continuous magnetic observatories. 

(б) By lack of observations at Repeat Stations in intervening years rc.su!ting in ignoi ance of 

S. V. for these years. Hence rate of variation of S. V. cannot be determined. Nothing 
was done till 1931, w hen about half of India was done—being the portion deemed to 
be covered by Dehra and Colaba Observatories, the rest being deferred till Kodai- 
kanal and Toungoo were reopened. After that nothing until 1942-44, when we 
visited all Repeat Stations except Burma. 

APPENDIX 14. 

SECULAR VARIATION OF MAGNETIC DECLINATION* IN INDIA. 

By B. L. Gueatbe. 

There are several physical phenomena which are ostensibly constant but are .suspected of 
being burdened with small secular variations. These suspected changes are usually of the same 
order of magnitude as the probable errors of their determination and the variations found are 
often spurious and are traceable to the uncertainty of observations or apparattis. Instances of 
such phenomena are—Value of gi'avity at a place, heights of mountain peaks, continental drift, 
relative fluctuations of land and sea, etc. The magnetic field of the earth differs from the above 
in two respects : (i) the magnetic elements are changing all the time, and (ii) the secular change 
is indubitable and is large. Its delineation, however, is not easy as the following would show.. 
We shall confine ourselves to a consideration of the magnetic declination alone. 


• Many countries now use the term “ Magnetic Variation ” for “ Magnetic Declination”. 
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The information about magnetic declination in a country is usually displayed in the form of 
generalised charts which give lines of equal magnetie declination (Isogonic lines) at a given 
epoch and also lines of equal annual change (Isoporic lines). These latter enable the isogonal 
lines to be drawn for succeeding epochs. No civilised country can do without such charts, as 
they are indispensable for land and hydrographic survey as well as for nautical and aeronautical 
purposes. For the initial drawing of Isogonal charts, a general magnetic survey of an elaborate 
nature is necessary. For India, this survey comprised observations at 1,400 field stations and 
5 permanent magnetic observatories equipped with continuously recording magnetographs. 
The field work was carried out between 1901 and 1913 and isogonals were drawn for each epoch 
1909'0 after correcting the field observations for diurnal variation, disturbance and secular 
variations. An important point about these corrections is, that while diurnal variation and 
disturbance at a station can be interpolated sufficiently accurately from the data of fixed ob¬ 
servatories which are necessarily a considerable distance apart, the correction for secular variation 
changes rapidly from place to place, necessitating the supplementing of fixed observatories by 
a certain number of repeat stations. Apart from the question of funds available, various other 
faotors must be taken into account in"deciding upon the number of Repeat Stations and the 
interval between their successive reoocupation. A short period of 2 or 3 years is open to the 
objection that errors of measurement would have a large effect on the derived rate of change, 
while the adoption of as long a period as 11 years (corresponding to that of sunspot cycle) 
involves the risk of certain features of the change being skipped over. From the data provided 
by the observatories, it appears that secular changes, though not uniformly progressive, can 
be satisfactorily expressed by straight lines or smooth curves over a period of about 5 or 6 
years, after which a break occurs in the type of the curve. This is exemplified by Chart I 
(at end of brochure), in which mean annual values of declination at Dehra Dun and Alibag 
have been plotted against time. The two curves are of the same pattern and point to the 
existence of short period fluctuations. For any detailed examination, however, it is necessary 
to plot the monthly values, which, of course are only available at fixed observatories. Five 
years is now universally accepted as the interval at which repeat stations should be revisited. 

Chart II (at end of brochure) shows the Isoporic lines or lines of equal annual change of 
decimation in India derived from intervals 1909-16, 191.5.20, 1920-31 and 1931-46. 

A study of these isopors even though they cover a short period reveals some interesting 
facts. The isoporic lines for the intervals 1909-15 and 1915-20 are nearly parallel to each other, 
there being a simple westerly shift of about 1| minutes. The isopors in 1920-31 have a tendency 
to swing in a north westerly direction, but this shift does not appear to have been maintabiod, 
the 1931-46 curves swinging back to resume their older shape. 

A more interesting and important feature, however, is that in India which is an area of 
negative change, these curves do not form closed loops, Le. there is no focus of rapid change at 
present. The focus of negative change is down to the south in the Indian Ocean (beyond the 
range of Chart II). The nearest focus of positive change is in west Australia, This focus 
appears to be moving continuously westwards and if the westerly shift of the isopors is 
maintained, it may soon find its way in India. It is, however, not certain as to how long this 
westerly movement is likely to continue. It is not iraprobahm that this westerly shift may at 
some time reach its maximum and then swing back ultimately changing over to an easterly 
movement. If this happens, this will be an event of no small interest. 

To keep secular variation up-to-date after the general magnetic survey of India was 
completed, it was decided (a) to visit quintjucnnially 80 stations (called Repeat Stations) of the 
original survey and (6) to maintain continuous observatories at Dehra Dun, Kodaikanal, Toungoo 
and Alibag. These observatories have to be kept running to correct 5 yearly observations at 
Repeat Stations for diurnal variation and disturbances, which are at times as much as four 
times the annual secular change. 

Even with this programme, however, it is not easy to delineate roo,l changes in secular varia¬ 
tion pattern, because observed values at repeat stations have to be given certain corrections to 
reduce them to the mean of months and these reductions are burdened with uncertainties which 
are of the same order of magnitude as real changes of secular variation. Hence also the neces.sity 
of selecting repeat stations at places free from natural or artificial disturbances. The changes 
sought are so small that any such extraneous disturbances can introduce considerable uncertain¬ 
ties and enhance the difficulties of the task. 

Elaborate work of this nature, with no obvious return for the money spent, is liable to risli ol 
uninformed criticism from the top. Owing to financial stringency two of the observatories 
were shut down in 1923, and during the war the Dehra Dun underground observatory was put 
out of action on account of its being flooded. No systematic ,5-yearly observations at Repeat 
Stations were carried out either. 
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The practical effect of this was felt during this war, when declinations had to he put on top¬ 
ographical maps for military purposes. Secular variations had to be extrapolated over a period 
of 20 years and the situation had deteriorated so far that doubts exceeding 1° regarding the value 
of declination existed in some parts. In regions where the variation is greater than that in 
India, the situation can be worse. The ease of Cocos Island near Andamans affords a good 
example. Isogonals on the Australian aeronautical series of charts published by the Property 
and Survey Branch, Department of Interior, Canberra, showed the value of magnetic declina¬ 
tion at Cocos Island in 1942 to he 5J°W. The Chief Geophysicist, Canberra, reported that this 
value could not be far wrong, inspite of observations being 20 years old, as the values of secular 
variation had been assessed very carefully. In point of fact, however, observations in 1946 
by Messrs. Chamberlain and MeMarthy have shown the accepted value to be in error by p 
much as 3°. Considerable discrepancies exist between the Admiralty and Australian Charts in 
the area south of Latitude 10° round about Australia and to the west of it in Indian Ocean, 
The magnetic data in the Indian Ocean are based on the last cruise of the non-magnetic ship 
Carnegie in 1919 and are consequently very uncertain now. For any work in these oceans and 
for the outlying islands in India international co-operation is necessary. 

For military purposes declinations on maps are required to a precision of or so. To meet 
this need, observations were carried out at all Repeat Stations in the year 1943-45 without ob¬ 
servatory cover. This procedure is obviously very unsatisfactory, as the corrections for dis¬ 
turbances and storms which can amount to as much as 5' have to be ignored. One remedy for 
this, failing permanent observatories, would be to execute observations at each station for a 
sufficient number of days at different hours of the day to get a good approximation to the true 
®ormal value for the place, but this would mount up the cost of the field work. 

From the scientific point of view also, the case for the study of secular variation is no less 
strong in spite of the inherent difficulty of its determination. There is no adequate explanation 
yet about the genesis of secular variation. It moat probably arises from changes within the 
crust and may well be due to slow movements of the crust with respect to subcrustal material. 
It is not improbable that there are slow dynamic processes in progress in the subcrustal layers 
and an intensi^ study on the shift of the isopor may help in their elucidation. From this 
point of view, however, the body of data available is far too small and it is imperative to plan 
for continuous data over long periods. 

The above facts point to the imperative need of re-opening the four inactive permanent 
magnetic observatories in India and declaring the 80 magnetic repeat stations of India as pro¬ 
tected areas to guard against their encroachment by structures containing iron or electrio 
power lines. 

APPENDIX 15. 

NOTF ON THE IMPORTANCE OP SEISMIC -\ND ELECTRIC SURVEYS OP ALLUVIAL 

PARTS IN INDIA. 


By Mr. D. N. Wadia. 

Over half a million square miles of India remain a blanketted area, more or less deeply buried 
under surface alluvial deposits of late geological ave, e.gr. desert sands, deltas or river deposits 
of the Indo-Gangetic basin ; or under a lava pile of comparatively older age, e.g. nearly 200,000 
square-miles of the Bombay-Deccan. The geological composition or structure of the parts of 
the country so buried are completely masked and the great thickness of the cover prevents any 
mineral or economic investigation being carried out by ordinary geological methods in the vast 
Mtent of this blanketted terrain. The alluvial cover of the great Plains of the North, from 
Sind to Assam, is believed to be about 6,009 ft. thick in the central parts, though it would be 
much shallower along the peripheral parts ; the alluvial fill of the deltas may be slightly more or 
less than 6,000 ft. and the lava plains of the Deccan plateau may vary from a few hundred to 
at least 5,000 ft. in vertical extent. The ground underlying these must contain extensions of 
the rocks of the Dhamiar and Qondwana systems as well as rooks of Eocene age, the three most 
economically productive rook systems of Indian geology. Along the 3.000-4,000 miles border 
of the Indo-Gangotic Plains, where the alluvium covers the edge of the rocky country of Gujarat, 
Sind, Rajputana and the Punjab on the west, and the northern slopes r)f the Vindhyan plateau, 
from the Aravalics to the Hazaribagh plateau, and the Assam ranges in the east, there may occur 
buried ore-deposits, coal-fields or oil-fields of a workable nature. The Karnatic margin of the 
Deccan lavas on the southeast impinges on outcrops of the Dharwar and Gondwana formations, 
which, in their uncovered portions, are carriers of ores of manganese, chromite, gold and the coal¬ 
fields of the upper Godavari Valley. Examination and survey of such deeply buried mineral occur¬ 
rences are beyond the means of surface geological surveys. But the recently perfected technique 
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of geo-electric, gravitatimwl and •seismic exploration <'f tlic aiib-surfticc enables some precise 
data to be obtained regarding t!io presence of economic minerals at considerable depths below 
the earth surfiiee. In the. last few srstrs, these methods iiave been very laigcdj eniplor cd with 
success in the prospecting for oil, oi'cs and other cconomio minerals. Seismic Reflection surveys 
have been found effective in ]iia)i]iing underground geologieal structures to depths of 15,CC0 ft- 
—a depth far greater than tlie depth of the Indo-dangetic alluvium, according to all current 
theories. Seismic surveys have loeated (ul-pools and favourable structures at this depth which 
actual boring testa have confiDued. Klcctric methods have successfully mapped both near- 
surface and deeper lying deposits a nd features within 4.(ltO-5,C('0 ft. depth. Both tbere, with 
occasional employment of gravimetrit; and magnetic methorls. liave been largely einplo 3 cd in the 
U. S. A. and Russia for pJaniiing of a n exploration programme with the help of surface geological 
features. 

Initial exploratory studies by geophysical moans slionld begin in India at an early date for 
locating of ore-deposits, cogl seain.s. js-troleiim or other minerals, at first in the alluvial area 
(suggested above) and then in the a.re.i.s of exposed rocks w liose mining potentialities arc yet of 
a doubtful nature : e.g. productive oil-fields in parts of Sind, Piinj.ib and Assam, workable coal 
deposits underlying the iava florv.s of the upper Mahanadi and Godavari; the copper-bearing 
areas of Singhbhum and other parts of Bihar, Sikkim, Jaipur; or the lead-zinc mines tracts of 
Udaipur, Hazaribagh, etc. Tlio applic.-ibility of varioii.s geopliysieal exploration metlicds to 
Indian conditions and to oiir speLiiic problems will of couise be determined by qi'cstions of 
relative cost, availability of petsoimel and instruments and the geological setting of the country. 

The interpretatioii of geopli vsieiil data for a mining problem is a highly involved end com¬ 
plicated task. Such coiiiputatioii of data is done by men specially trained in Physics and Geo¬ 
logy. We have at present no sucli traiiieil specialists who can correlate the physical data with 
the geological inforujation av-iihiblc From surface .surveys. The training of such j)orsonnel 
should be the work of the f'entral Oeophysioal Institute, to be recommended by tb.e present 
Committee, The Committee should, tlieiefore, have ii.9 its firet objective the establishment of 
such an up-to-date Central Ceophysicul Institute for India. It should keep abreast of the 
latest developments as regards nualem instruments neediul for prospecting by the new toclinique. 
The Institute should be compdeiit to give advice on all luatlor.s connected with geophysics in 
India, besides being itself well equipped to undertake ivsenic b on Indi.an problems. 

Besides investigatiojt of <ire-d(q)osits, oil and minerals, the following problems of interest in 
the general geology' and structure of India need to be exploretl :— 

(1) Proving aerial extent, height and length of the Iniried ridge under the alluvium of the 

Punjab, detected by the giiivity survey, ’fliis ridge is believed to be the cause of 
water-logging over largt! pait.s of irrigated Punjab; iinr) it i.s ne[;e.ssary to map this 
ridge in order to solve uiidorgrouod water problcnus of the Punjab and the areas to 
the south of it. It cnii he done easily by grnvimetrit' or magnetio methods (the 
rocks are pnibaidy the crs'stalline. Aravalies), supplemented by borings to assist 
or confirm the concliisioris. 

(2) The bottom profile of the 1 iido-Gangetio trough is likely lo throw much iiglit on the 

structure of India. It is iiece.ssary to mak<-a. section of the Gangetic ba,sin by 
Seismic Reiiectiou method. Magnetic suivey of the southern rim of the basin might 
reveal the buried rock formations of tlio nortlicni slopes of the Viiidbyan plateau. 
Beside.s giving inforination re. submerged topography and the exteiLsions of the 
geological formations of the llcecan and their [xissible connections with the Hima¬ 
layas, the section might prove of .pconomie importanee. 

( 3 ) According to Glennie, there are a iiuiiibor of magnetie disturbed areas in India. This 

was disclosed by the Magnetic .sin'vey initiated in 1010. but rotienclied later before 
definite data could bo tilrtained. Tliese regions of niaguetie anomalies are capable 
of easy and cheap dcteriuination hy the Variometer survey. 

(4) The all-India development survey (A. I. D.), programiue recently started by the Survey 

of India, provides for a ten-mile network of gravity stations to measure the diroction 
and force of gravity. This will bring forth much information of value regarding 
the density of tlie rocks both in the buried and e\|iosed parts of India. It should 
be a powerful aid in surveying regions, like the Deccan Trap .area, where important 
rock formations lie hidden omlor the lavas. 
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SURVEY OF INDIA, OFFICE OF THE DIRECTOR, VIAR RESEARCH, DEHEA DUN, 
D. O. No. 813/472. 

Dated the 27lh February 1946^ 

From 

De. J. dk Graaff Hunter, C.LE., M.A., Sc.D., F.R.S., Director, War Research. 

To 

D. N. Wadia, Esq., Mineral Adviser to the Qovernment oj India, Department of Planning andt 
Development, Imperial Secretariat, New Delhi. 

Mv DEAR WaOIA, 

At the Goophysical Flanuing Committee in Calcutta, 4th-5th February, I did not get any 
more accurate idea as to the location of the desired gravity observations than that they should*- 
be at the fringe of the alluvium of the Indo-Gangetic basin. Nor do I know the priority of the 
work. 

Could you kindly indicate on a suitable map just where the alluvial fringe occurs and how 
far within the g stations should be, for your purpose : and also give some idea of dates by which 
results should be given to be useful ? 

Accessibility has an important influence on the speed of the work; and on this account 
stations on/at sides of motorable roads are to be preferred. 

2. The AID Survey is proposed to serve as basis for all projects. While it is the target to- 
cover (in 20 or 30 years) the whole country with a 10-mile network of AID points, the ou.er in 
which this very large task is undertaken will be decided partly in relation to projects aemands. 
The natural sequence is first to build and fix the AID marlcs in position and height; which also 
implies the determination of the deflections of the plumb line (direction of gravity); and to- 
visit and determine g and the 3 magnetic components shortly afterwarus. toome aavaiitagea- 
are lost if this order is reversed, for the gravity stations require to be marked and heigbted. 
The gravity field work (with Frost Gravimeter when received—it has just been ordered) is much- 
more expeditious than the AID work: for which one detachment can Lardlj' be expected to¬ 
lls as many as 10 AID marks per month. It may accordingly be desirable to provide gravity 
results before the AID marks are fixed: but this will involve special height operations in most 
cases. 

3. I should like to be clear as to the form in wliich results are wanted. The actual value 
found, reduced for height (as undoubtedly is necessary) will be available very soon after observa¬ 
tion. If more elaborate reduction for topographical effects—with or without compensation— 
is needed, there will be much work to be done and delay will be considerable. I may point out 
that any system of reduction agreed on will need to be applied in turn to unj' subsequent more 
detailed survey of a geophysical type which is uiidertakeu. It is accordingly in my opinion 
neither practicable nor useful to undertake any more system of reduction than can be represented 
by charts. 

Bearing this in mind it seems desirable now to formulate the uses to which gravity insults 
are to be put. Are they indeed an end in tlicmsolves or are they merely a franiew oik for a more 
detailed work ? 

1 think you would find that a di.scussion with Brigadier Glennie of the points which 1. have 
raised would be useful. This shoidd be oatly as Brigadier Glennie is shortly leaving for U, K. 
With this in mind, I am sending copj- of this letter to him. 

With kindest regards. 

Yours sincerely. 


D. 0. No. l(ll)-M/46. 


U 


(Sd.) GraatT Hunter. 


PLANNING AND DEVELOPMENT DEPARTMENl’. 


New Delhi, 4th March, 1046. 

Mv DEAR Dr. Graaff Hunteb, 

Many thanks for your D. 0. No. 81.3/470 of 27th Eebruary regarding gravit_j- survey of parts 
of India. I have discussed the subject with Brigadier Glennie and I have supplied him a copy 
of geological map of India published in the last edition of my book—Geolug_\ of India. Brig, 
Glennie knows the areas which the P. & D. Department wEli to have geopln sically surv yed. 
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Brigadier Glennie agrees witlrnio that! t -would be very useful to have a gravity survey made 
of a 10-15 mile fringe: (i) of the southern and south-eastern margin of the Deccan Traps; 
(ii) of the eastern margin of the rocky terrain composing the coal-fields of the Dharwar area in 
Bengal. These may be given priority and (iii) similar work along the northern border of the 
Vindhyan plateau may be taken up later. Regarding gravity stations, Brig. Glennie sugiiests 
that if we kno-w the topographic heights within 9 or 10 ft. in the first instance, it would suffice. 
If particular areas need further detailed -work, they may then be taken up for careful re-survey 
and corrections may then be applied so as to increase the accuracy of the results. This will 
mark out the areaw which need concentrated or detailed work. 

1 think to begin with, a 10-mile network of gravity stations will be quite appropriate. As 
these gravity results are not to be used as an end in themselves but are to be a framework for 
more detailed -work in geological prospecting, I hope the priority work will bo completed within 
' the next five years. 

The rest of the Indo-Oangetie terrain in the Punjab and Central U. P. and Bengal may bo 
i taken up later and may be done on the usual 70-milo grid. 

Thanking you again for your letter and with kind regards. 

I remain, 

Yours sincerely. 


(Sd.) D. N. Wadia. 

Dr. J. de Gbaaep Hentek, G.I.E., M.A., Sc.D., F.R.S., Director, War Besearch, Survey of 
India, Dehra Dun. 


:2fo. 1(11) M/46. 


in 


DEPARTMENT OF PLANNING AND DEVELOPMENT. 


New Delhi, the 26(h March, 1946, 


'Ms dear Dr. Hunter, 

As promised at yesterday’s meeting of the Geophysical Committee, I am sending you under 
separate registered cover a copy of the Geological Map of, India (Plate XX of my Geology of 
India). I have marked in pencil the areas needing geophysical investigation. The uaots 
marked I, II and III should be considered as Priority areas and that marked IV to have the 
second priprity. Of course, the different areas may be taken up by the Geodetic Survey in any 
order they prefer or as convenient from considerations of roads, communications, etc. 

Kindly acknowledge receipt of the map. With best wishes. 


I remain, 
Yoiu’s sincerel}’, 


(Sd.) D. N. Wadia. 


Dr. J. db Graape Hunter, D.Sc., F.B.S., Director of War Research, Survey of India, 

Dehra Dun. 


APPENDIX 16. 


GEOPHYSICAL PROSPECTING IN INDIA. 


lly Dr. G. Dessau. 

It is %videly acknowledged that the Survey of India and the Geological Survey of India have 
made important contributions to the advancement of Geophysics, especially in Geodesy and 
Seismology. But it is less -well known that a beginning has also been made in India in the field 
of Applied Geophysics and Geophysical Prospecting, both by foreign and by local invesligators, 
and that activities on a small scale have been going on during the past 20 years. 

Steiohen and Sierp, during the period 1911-1913, measured the radioactivity of some mineral 
springs of Bombay. Similar work was done by N. C. Nag in Bihar, by N. K. Chattel jee in 
Bihar, and on a bigger scale, all over India, during the years 19.39-1941, by P. K. Ghosli <if the 
‘'Geological Survey of India, who measured the radioactivity of the waters of more thai^ a hundred 
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springe. Sir Cyril Fox of the Geological Survey of India, and with equipment supplied by this 
Department, had already made, at an earlier time, similar measurements in Abyssinia. 

Not long after the end of the first World War, when the possibilities of Applied Geophysics 
were just beginning to be appreciated, the Punjab Irrigation Research Institute devised the 
application of the Eotvos torsion balance to the study of the slope of the hidden surface of bed¬ 
rock under alluvium, in connection with an important practical hydrological problem. The 
idea probably originated from the work done in Sind, in 1923, by Hungarian specialists for the 
Burmah Oil Co. Later, M. K. Bose after a period spent abroad, began in 1927, in collaboration 
with D. H. Wilsdon of the same Institute, field investigations, which were continued for three 
field seasons. 

As remarked above, in the year 1923 the Burmah Oil Company had begun their pioneer work 
in the Eastern part of India with their Tomion Balance surveys, which are still going on. Whereas 
these surveys were made partly by personnel of the Company itself, well known geophysical 
firms were engaged by the same Company for electrical, seismic and gravimeter surveys at 
different times. According to recent reports, the Burmah Oil Co., in the period 1937-39, covered 
with geophysical surveys an area of 330.000 square miles (out of which 250,000 are in India 
proper), at an expenditure of 45 lakhs of rupees. Other geophysical surveys were made by the 
Attock Oil Co. in the western oil-bearing areas of India in 1931 and later. 

In the meantime the few companies engaged in non-ferrous metalliferous mining in India 
were not unaware of the possibilities of geophysics. German specialists (of Piepmeyer-Klbof 
group) were engaged at considerable expense in the year 1933 to explore electrically a copper 
deposit in the Nellore district, and some of the leases of the Indian Copper Corporation in Singh- 
bhum. The value of the first survey is still undecided, no mining exploration having followed 
it; the second was a failure ; and the same, from a pra^^tioal point of view has to be said about 
the extensive electrical survey made in 1937 by a British Geophysicist on behalf of one of the 
companies engaged in prospecting for gold in Mysore State. 

Some of the Indian States were quite early in experimenting with geophysical methods 
More than ten years ago the Mining Department of the Gwalior Government obtained an Askania* 
Sohmidt vertical magnetic variometer, and it is understood that some practical investigations 
were made with it j while about three yearn ago the Travancore Government began the explora¬ 
tion of their magnetite deposits by magnetic methods. But the lead was given by the Geolo¬ 
gical Department of Mysore State, which, inspired by the survey undertaken for a private 
company by Broughton Edge, mentioned above, and with his help and advice, started geophysical 
field work during the season 1937-38. Since then their geophysicist Mr. B. Ramachandra Rao 
has carried out several electrical surveys with different method on sulphide ores and graphite 
deposits, and has made determinations of the depth of the water-table ; while it is reported that 
he has recently made successful determinations of the depth of bed-rock along the site of a 
proposed dam in the Madras Presidency. 

For several years till the outbreak of the 2nd World War, Filohner made magnetic surveys 
in the foot-hills of Nepal and in the mountainous borderlands of India, partly for scientific 
purposes, but partly presumably also with practical aims. 

F. W. Sharply, of the Indian School of Mines, Dhanbad, was engaged for some years in the 
perfecting of geophysical equipment for prospecting for mica by an A. C. electrical method • 
unfortunately he left the country before field tests with his apparatus could be made. ’ 

Besides the extensive radioactivity determinations of mineral waters referred to above the 
Geological Survey of India had previously done occasional work in the field of Applied Geo¬ 
physics. Sir Lewis Fermor, after having ascertained in his laboratory investigations the stronir 
magnetic properties of certain Indian manganese ores, immediately envisaged the possibifitv 
of making use of these properties for prospecting. He subsequently made field measurements 
with a dip needle lent by the Mathematical Instruments Office, and it was confirmed that there 
were strong magnetic anomalies over the deposits. But on account of the unsuitability of the 
instrument at his disposal, these investigations could not be pursued. 

At the beginning of the War, with the intensification of the search for strategic mineral 
deposits, interest in Geophysical Prospecting in the Geological Survey of India increased. A 
first piece of equipment (a “Geophysical Megger ”) was purchased, and repeated but unsuccessful 
efforts were made to get magnetic variometers from America, or from Germany through neutral 
channels. Equally the efforts to secure qualified personnel did not meet iiutially with success 
Therefore the Geological Survey of India approached the Survey of India for its assistance, and 
a start in systematic Geophysical Prospecting was made by Oulatee of the Survey of India, on 
problems suggested by the Geological Survey, and with the assistance of the latter from the 
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■geological side. The equipment used was partly the property of the Geological Survey (Geo¬ 
physical Megger), and partly of the Survey of India (Gradiometer), During the field seasons 
1941-42 and 1942-43 a study wa.s made of the technical possibilities of prospecting electrically 
for mica pegmatites ; and during the field season 1040-41 some gravimetric prospecting for 
manganese ores was carried out in the Nagpur district. Another valuable contribution of 
Gulatee to Applied Geophysics was hia calculations of magnetic anomalies caused by bodies of 
known shape, oalculationa which have been published by the Survey of India. 

Six months ago the Geological Survey' of India appointed Dr. G. Dessau to work in the field 
of Geophysical Pro.speoting. He is a Mining Kngineer who has specialised in the study of Mineral 
Deposits and who has devoted part of his activities during the past 20 years to geophysical 
investigations. Attempts to get more specialists are under way, and efforts are being made to 
get suitable equipment. Both are extremely difficult propositions in the present unsettled 
times. If one takes into account these difficulties, and also the time normally deemed to be 
necessary for getting a now initiative “ going it will be appreciated that a good start has 
been made in that already one party has been in the field for two months carrying out a 
“ spontaneous polarization ” survey on a supposed Pyrites deposit; and a second party will 
start in a few days’ time an electric investigation on the foundations for a dam in the Damodar 
Valley. Both parties use or will use mainly equipment constructed at the Geological Survey. 
A third party, using magnetic instruments which the Survey of India has kindly agreed to give 
on loan, will start work within the present field season. 

As regards the programme for the future, this is still in a somewhat fluid state, and the Geo¬ 
logical Survey of India is feeling its way, and would like not to pin itself down to too specific 
commitments. Several big problems, such as the creation of a workshop, the increase in equip¬ 
ment and the collection of literature on Applied Geophysics, have been tackled and will be 
solved. The investigations already begun or about to be started have been chosen mainly from 
the point of view of the availability of e<|uipraent, and for their didactic value for the training of 
personnel, who, apart from Dessau, have had no previous experience in this field. It is probable 
that at least for a few years to come, the Geological Survey of India will not devote its main 
geophysical activities to the investigations at present done by the Oil Companies, which finan¬ 
cially and technically can well look after themselves; but will concentrate on water-supply 
and dam foundation problems, and on the investigation of metalliferous deposits. Further, the 
applicability of geophysical methods to the study of some of the coal-bearing areas of India is 
already being investigated, although geophysics has till now generally been unsuccessful in 
this particular field. 

In this note no account has been given of the field activities of the Geological Survey of India 
in investigating Earthquakes. Details of this are given in W. D. West’s address to the Geology 
Section of the Twenty-Fourth Indian Science Congress, Hyderabad, 1937, 


APPENDIX 17. 

THE GEOPHYSICAL SECTION OF THE GEOLOGICAL SURVEY OF INDIA—ITS PRO¬ 
GRAMME AND AIMS. 

By Db. W. D. West. 

If it is true that the need for big-scale geophysical prospecting in India was never so felt 
as at the present moment, it is equally true that just now there are exceptional difficulties in 
starting work in this field. Apart from a few types of very specialised and costly equipment, 
which seem available in America, years will have to pass before the full range of instruments 
and of general scientific supplies that are needed are likely to come on the market. Practically 
no trained personnel are available in India, and arrangements for training abroad are not always 
easy and, in any case, do not give immediate results. The needs of reconstruction in many 
countries of the world have apparently produced a scarcity of specialists such as practical 
geophysicists, and therefore it is difficult to attract highly qualified persons from abroad. 

If one adds that sudden requests for urgent investigations often compel unforeseen changes 
jn the programme drawn up, and that difficulties constantly arise in getting such instruments 

♦From Report on Discussions, on 10th .lanuary, 1938, by Heron, W 0 .st, Banorji and Ramana- 
-than: “ The Seismologist and Assistant Seismologist, when appointed, will require training, and 

2 or 3 years will be needed to set up the instruments in the different seismologioal observatories re- 
commended by the Committee. No tangible results oan, therefore, be obtained for 4 or 5 years." 
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■as are available, it will be readily appreciated that the planning of the future work of the t.eo- 
pbysical Section of the Geological Survey of India must remain in a somewhat fluid state, and 
that it would not be wise to lay down too pirscise a programme at this stage. 

The general lines to be followed, however, are fairly dear. Much of the equipment to be 
used during the first two or three years will bo constructed locally, and will he gradually supple¬ 
mented with purchases from abroad. Appointments of personnel w'ill he made gradually, so 
as to keep pace with the increasing availability of instruments, and with the training of the per¬ 
sonnel themselves. Some more specialised personnel will be recruited from abroad, or be trained 
abroad. Smaller and more urgent investigations will be given precedence over ambitious schemes 
unlikely to provide scientific or practical results for some years to come. Although the position 
■of Applied Geophysics as ancillary to Engineering Geology and to Mineral Prospecting will not 
be lost sight of, arrangements for Laboratory and other fundamental investigations in subjects 
connected with Geophysical Prospecting will be developed gradually, in keeping with the develop¬ 
ment of the remainder of the organisation. 

With this introduction, it will now be convenient to give details regarding some of the points 
mentioned above. 

Through the courtesy of General Headquarters, India, the Geological Survey of India has 
been allowed during the past few months to utilise the services of an Italian Prisoner of VVar 
who has an exceptional experience in the construction and maintenance of Geophysical Equip¬ 
ment, He is now due for repatriation, but every effort is being made to effect his quick return 
and regular employment in the Geological Survey of India. Notwithstanding the present very 
poor workshop facilities, and the difficulty of securing raw mateirals, he has already produced, 
besides many odd items of smaller equipment, two potentiometers, one for “ Natural Potential ” 
investigations, the other for D. C. resistivity investigations with artificial currents, to be used 
mainly for the “ Wenner Method ”. On his return from Italy it is hoped that he will find a 
fairly well equipped workshop, and the number of local mistries working under him, at present 
two, will be increased. After concentrating for some time further on the construction of electri¬ 
cal equipment, so as to fully equip six field parties, he will tackle the construction of seismic 
equipment, as well as of other special devices for laboratory and field use. 

The Geological Survey of India maintains an extensive correspondence with manufacturers 
of Geophysical Equipment and accessorie.s all the world over, .so as to be well informed of their 
availabihty and of the latest developments. British manufacturers have already been contacted 
personally by Dr. Crookshank during his recent visit to England, and it is hoped that Dr. 
Dessau, who is soon proceeding to Europe on leave, may bo able to settle finally with them about 
the supply of extensive equipment. 

As far as personnel is concerned, the Geological Survey of India is endeavouring to get a 
second experienced Geophysicist in addition to Dr. Dessau, and with this aim one senior post 
was advertised recently through the Federal Public Service Commission. The response has been 
very disappointing, but efforts for attracting a suitable scientist from overseas will continue. 
The junior personnel will consist of gazetted officers and of subordinate staff in about equal 
numbers; the gazetted officers are at present selected mainly from amongst the Assistant 
■Geologists of the CJeological Survey of India, but a young Physicist has also already been appoin¬ 
ted, and further similar appointments may be made. All these officers are receiving training at 
the Geological Survey of India itself; while some of them, who are now proceeding for studies 
to Australia, will devote part of their time to Applied Geophysics. It is also hoped that another 
Assistant Geologist will soon proceed for training to the 17. S. A. and others may follow later on. 

This scientific staff, when in the field, has the assistance of Surveyors, at present kindly 
lent by the Survey of India, and of “ Mistries ”, some more of which will shortly be appointed 
from amongst demobilised soldiers. 

As already emphasised, the speed with which the size of the Geophysical Section can be 
•expanded is controlled by the speed with which staff can be trained, and by the facility to provide 
them with the required equipment. At present there are already about half a dozen junior 
officers on field work, assisted by Surveyor^ and Mistries. At the beginning of the next field 
season, i.e„ about one year after the foundation of the Geophysical Section, the number of officers 
on geophysical work will be about one dozen, together with a similar number of surveyors 
and specialised workmen. A further expansion is naturally contemplated. 

The three or four field investigations which will be completed during the present field sejison 
were selected partly on account of the availability of the required instruments, and partly on 
account of their suitability for the traim'ng of Officers who are completely new to the snbjeet. 
It is felt that these conditions will apply for some years to oomo. It is furthermore considered 
that the Section should at the moment concentrate more on the numerous smaller problems of 
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dam foundations, river sand supplies in connection with sand stones, water supplies, metalli¬ 
ferous and coal deposits, etc., which may be quickly investigated with results useful for the imme¬ 
diate development of the country, rather than to devote much of its efforts to very big tectonic 
investigations, for oil or otherwise, which may give an answer only after many years and which 
wUl incur an enormous outlay and require a degree of training which will take some years to 
effect. It follows that for the moment most investigations will be made with electrical and 
magnetic methods, to which shallow-depth soismics and the so-called “ minor methods ” may 
be added in the near future. 

It will be noted that this programme will give effect to some of the proposals made by Mr. D. N. 
Wadia. With regard to his other recommendations, a beginning should soon be made with the 
study of the bottom of the Indo-Gangetic trough (a problem w hich has long attracted the atten¬ 
tion of Geophysical Science in India), although it tails in the category of long-range schemes. 
Such an investigation may prove useful for keeping at work officers and equipment temporarily 
freed from other commitments. As far as the study of the formation underlying the Deccan 
trap is concerned, useful as it would be, it is at present unfortunately almost beyond the scope 
of any known geophysical method. The matter will, however, receive careful consideration. 

No geophysical field work, except perhaps simple routine investigation, has any hope of 
success if it IS not backed by a suitable laboratory and research organisation at Headquarters, 
able to deal with the deter mination of physical constants of rocks, with development and testing 
of equipment, with model experiments, and with the more difficult interpretation problems. 
A beginning with a small laboratory will be made immediately, and it ■null be developed along 
■with the other activities of the Section. It may later on be necessary to put it in charge of a 
Physicist of some experience. 


APPENDIX 18. 

SUMMARY OF THE RECENT WORK ON MINERAL SPRINGS OF INDIA BY THE GEO¬ 
LOGICAL SURVEY OF INDIA 

By Db. P. K. Ghosh, Geological Survey of India. 

Although people in India have for centuries past been in the habit of using waters of mineral, 
springs for baths and drink, very little systematic scientific work was done to study the properties- 
of such waters in their relation to human health. 

In 1939, Sir Cyril S. Fox, the then Director of the Geological Survey of India, initiated with 
the approval of the Government of India, a scheme for the systematic investigation of the mine¬ 
ral springs of India, in order to find out if springs suitable for commercial exploitation existed in. 
India. The investigations were carried out for two years during which 120 springs in the more 
readily accessible areas of Bihar and Bombay and some of Bengal, Punjab, United Provinces 
and Central Provinces were surveyed. 

In the field were studied the geological mode of occurrence, the temperature and the rate of 
flow of the water. Kadon and other gases were determined in the field, the determination 
being further confirmed in the laboratory. In the laboratory the waters were further subjected 
to chemical and spectroscopic analysis. Samples were also specially collected for bacterio¬ 
logical analysis. In the analytical work help was sought from and freely given by recognised 
medical institutions. 

Some of these waters emerge at a very high temperature, the highest temperature recorded 
being ST^C. The rate of flow of the chief springs is high being of the order of several thousand 
gallons per hour. In many cases thd rate of flow and temperature are constant—facts indicative 
of the deep-seated origin of the springs and absence of contamination from surface sources. 
From the chemical point of view, some of the waters are comparable in properties to the reported 
European and American springs. There are others for which no comparable foreign types exist. 
Some of the waters are highly radio-emanative. Some are cold and some hot sulphur springs, 
others contain the carbonate and bicarbonate salts. Some are strongly and others mildly saline 
and some are remarkably low in mineral content. 

Some of the waters were put under test for bottUng with a view to their commerical exploi¬ 
tation. These waters were bottled in normal way and samples sent to people in different walks 
of life all of whom testified to their good qualities. Continued use has proved the waters to have 
at least palliative, if not curative properties. 

The results of the investigation have been incorporated in a report which will be published' 
■n due course. 
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APPENDIX 19. 

ATMOSPHERIC ELECTRICITY- BRIEF REVIEW OF WORK HOKE IK IKHTA 

By Db. S. K. Banerji. 

Before Or. (now Sir George) Simpson, then a Meteorologist in the India Meteorological Hepai t- 
ment, commenced his important series of observations on atmospheric electricity in Simla from 
]!)07 onwards, which led to the “ breaking-drop” theory of electricity of thunderclouds, obser¬ 
vations of atmospheric electricity in India have been of a very sporadic character. Simpson’s 
observations comprised taking of continuous record of potential gradient, charges of rain per 
CO., determination of conductivity of air, measurement of earth air current and many laboratory 
experiments to illustrate the process of generation of electric charge. Some observations were 
also made of the electricity of duststorms. After Simpson left India in 1920, there was a tem¬ 
porary stoppage of observations of atmospheric electricity by the India Meteorological Depart¬ 
ment. Observations of atmoapherio electricity were resumed by Dr. Banerji and co-workers 
at Bombay from 1926 onwards. These comprised :—■ 

(a) Continuous recording of potential gra<liont. 

(b) Recording of charge.s of rain. 

(e) Potential of gradient produced by lightning discharges. 

{(1) Counting the number of ions in the atiuo.sphere. 

(e) Earth air current (observations taken mainly at Poona). 

{/) Charges on individual drops of rain. 

(g) Ijaboratory experiments on process of generation of charge under various conditions. 

Apparatus was filso installed in the Meteorological Office at Poona for taking continuous 
records of potential gradient, and observations have been made of the conductivity of air and 
of the number of dust particles by Mr. Si). 

Some observations have also been taken by others, notably by Prof. Telaug at Bangalore- 
A few sporadic observations have also beeji made on the effect of lightning discharges on conduc¬ 
tors by Engineers. 

At present observations are being taken only of the jjotential gradient at Bombay and 
Poona. 

It will be clear from this account that the progress made so far in the measurement of at¬ 
mospheric electricity in India has dejjended largely on a few individual workers. 

2, Importance, of taking systematic observations of aiwospimk, electricity. —There is no grander 
natural phenomenon than the lightning discharge. From time immemorial nature presented 
electricity in this form to mankind. Countless inimbers have looked upon this phenomenon with 
awe and veneration, and a limited few have tried to tindorstand the physic.al processes involved 
in it. We are still, however, not in a position to say that we understand them fully. 

The thundercloud is not the only form in which nature presents its electricity ; theie is elec¬ 
tricity in duststorms, all cloud particles are more or less electrically charged. Observations 
of fine weather electricity show that there is a continuous flow of electricity from the atmos¬ 
phere into the ground at the average rate of 10—16 ampere per square c.m. of the earth’s 
surface and yet the earth maintains a negative charge. How this negative charge is 
maintained still remains a baffling problem. 

Owing to its close relationship with weather the .study of atmospheric electricity is of funds 
mental importance to the meteorological service. 

3. Elements to be observed. —In a well planned observatory for measurements of atinospberic 
electricity there .should be apparatus for taking :— 

(1) Continuous records of potential gradient. 

(2) Continuous records of earth air current. 

(3) Records of electricity brought down by rain. 

(4) Systematic observations of ions in the atmosphere. 

(5) Conductivity of the atmosphere. 

(6) Measurements of dust jjarticles. 

In addition, special observations of thunderclouds should be taken so as to obtain— 

(a) distribution of charges in such clouds by sounding by means of alti-electrogi'apbs or 
similar instruments. 


E 
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(4) yti'victiu'e of li«litniiig disfcliftrges by the method;: adopted by Sohdnlaiid. 

Observations should also be made of— 

(c) The radio-activity of soil samplos. 

(d) Ionisation produced by spraying over sea surface. 

4, 8ugiie.siio>i» fur uba/frval-ioMil organisationThe observations of atmospheric electricity 
require whole-time attention by specialists. Special installations have also to be set up for the 
purpose. Snell observations should be undertaken at woll-ecpiippod and fully staffed goophy- 
•sical institutes. 

I’ast experience .shoivs that the Bomba}^ Observatoiy is ft good location for measurement 
of atmospheric electricity, while Poona Observatory, owing to the enormous amount of dust 
produced by the local traffic, is an unsuitable location. 'I'he Bombay Observatory should be 
provided with staff'and e(|uipinent for ob.servations of atmospheric electricity in all it.s aspects. 

If a f ientral (icophyaical Institute be set up at Delhi or neighbourhood, and the location is 
,snch that thiue is not much dust in the atmo.sphere due to artificial causes, it should have a 
section, .studying atmospheric electricity. 

.h'or study of electricity of thundcrclond.s and structure ot lightning discharges, Calcutta 
is the lieat location. Necessary staff and equipment foi- observations of,atmospheric electi'icity 
should he provided at the Alipore Observatory. 

if a magnetic and uartfi current observatory be set VIj,i near the magnetic equator (some- 
wheri' in tlie 'I’innevelh' district or neighbourhood) that observatory should also have a section 
for studying atmospheric electricity. This is also a good location tor study of electricity of 
thunderv:louds. Bombay, Delhi, Oaieutta and T’innevetly iv’ill provide representative 
positions for observations of atmosjiherie electricity. 

It is also recommended that in- the sclveme for oceanograpliy, observations of ions over tlie 
Indian seas should he ineluded. 

APPESfDIX 20. 

NO'IT<M'’OK 'I'HK.-flM) MICK'I'lNTl OP THB PLA.VXT.N'O COMMITTEE POP- (lEOJ’HY- 
SK'AL lNSTTTUTIO.N\S !.\ I.VDIA. 

LNoth datkii Hfh’ii Augl'st U)-H> bv M. D. OunuATi, I.S.E.. Sbcketary, CKivrBAL BoaED or 

IrKIOA'I'ION on THK t'RKSENT fOSlTlON AND rROeOSAr.S FOB TtfF, COLLECTION OP BASIC irVURO- 

LOOIC DATA I X I NDI.A.'J 

It does not afiyiear necessary to lay any particular emphasis before this Committee vm the im. 
portance of systematic collection of basic hydrologic data to the development of a country. 
As pointed out by tlie Mississliipi Valley Committee, “ band, water and people go together. 
The people cannot reach the highest standairl of well-being unless there is the w'isest use of land 
and water The development of a country is in a very large measure dependent on the extent 
to which the water resources of the uountrv are utilized. For the well-being of human society 
it is also essential to jirevent' natural waters from doing liarni. All this, no doubt, depend.s 
upon the acemaev of our knowledge of such factor.s as raiiifail. river supplies, underground 
water stipplie.s. etc. 

2. Before an attempt is made to lieseribe the pre.seut po,sition with regard to hydrologic 
data in India, it will, perhaps, be useful to summarise, the extent of the knowledge available 
in other' countr'ie.s. Far-reachiitg advances both in the nature of the viata eollected and in the 
extent of its collection have been made during the last six years of the war. Information regard¬ 
ing these advances is slowly tilteriirg in and the po.sitioii as reviewed below is what existed before 
the war. 

In Europe the more active countries with re.spect to hydrology are France, Germany, iSwitzer- 
land, Hweden. Italy and Russia, 

Fiance is the mother oi the science of hydrology. .She, has a Bureau of Hydrology and Hood 
Warnings for each of her six large river basins. Tlie important duty ol this bureau is the investi¬ 
gation of Hood conditions and the prediction of the crest of floods. The organisation is under 
a permanent commission composed of officers of the Ministries of Public Works, Interior, Agri¬ 
culture and Gomraeroe anti representative-s of navigation intere-sts. ,In addition there is a bureau 
of Large Water I’ovvers to study rivers, lakes and glaciers from hydrologic and other aspects 
for the utilisation of water power. 
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In Germany evory iinportant province has a Bureau of Hydrology. Their activities cover 
observation of ground water table, flood studies and flood warnings, measurements of teinpcra- 
turo of water and soil, investigations regarding evaporation, observation of snow and glaciers, 
studies of seepage, ground w ater flow and springs and the measurements of bed and suspended 
load. 

Su'itzerlarxJ. —I’lie Swiss Jtureau of Hydrology closely linked with the development of water- 
power issues separate publications for its different rivers on the subjects of;— 

(a) drainage areas, 

(fc) river discharges and heights, 

(c) river profiles and 

(d) minimum discharges and minirauni water power available. 

Intensive river studies are. conducted, 

/S'icer/e»i,~The Swedish Meteorologio-Hydrographic-Bureau observes water temperature, 
the chemical composition of water and maximum ice crust measurements. Extensive inve.sti- 
gations are carried out on the tides in the Baltic Sea, lake level fluctuations, long range river 
forecastings, etc. 

Italy. —I’ho Italian Hydrographic Serrdee includes amongst its duties flood warnings, measure¬ 
ment of tides and ocean currents, coastal surveys, water power statistics, permeability test of 
rocks, w'ater temperature observations, ground water observations, river surveys, ground water 
supplies, etc. 

Miissia ,—The Russian Hydrological Institute has ten main divisions; Applied Mathematics, 
Hydrophysics, Hydrochemistry, Hydrobiology, Streamgauging, Hydrodynamics, Rivers and lakes. 
Limnology, Ground water and TaIass<ilogy. In addition there are various auxiliary departments 
whose activities are co-ordinated by this Institute. Activities are mainly decentralised. Some 
special activities are : ice research, water power statistics, flood investigations, study of liydrology 
and oceanography. 

U. S. A. —I'hc activities in connection with hydrologic work in tlie United States of America 
have been described in a separate note* and include rainfall studies, snow surveying, forecasting 
of .stream flow, eolleetion of .stream flow data, ground water studies, evaporation data and 
the data on the cpiality of surfiiee water. Since if)37 th(> eolleetion of this data has 
been very much intensified. For each separate drainage basin annual reports are issued on surfaee 
water supply, and records of wc'lls, springs and ground water level but all these publications 
are on standard lines laid down by the jNational Resource.s Committee. 

Egypt. —'The extent of work done in Egy'pt is not dxactly known but the Ministry of Publie. 
Works in Egypt issues regularly publications containing the “ Measured Discharges on the 
Nile and its tributaries ” and “ Ten day rnean and monthly mean and normal discharges of the 
river Nile ” 

Iraq. —'I'he Govtunment of Iraq in the Irrigation Directorate has been issuing since 193(1 
publications containing information of the discharges observed in its various rivers together 
with the withdrawals by its canals. 

3. 'I'he extent to which hydrologic data is being collected in India varies in her different 
parts. With tlic establishment of large irrigation works in the country, studies of river supplies, 
rainfall, etc. and the effect of the introduction of irrigation on the ground water levels were intro- 
diicefl in connection with these projects but the nature of the w ork varied with the effect of diff’ei - 
ent factors oh the operation of a particular project. There has been little attempt at uniformity 
of methods or co-ordination of the results obtained. 'Analysis of the data collected has hten 
neglected except in so far as such analyses were called for to solve individual problems. In 
fact the nature and quality of the work being done in different parts of India is not known outside 
those areas, perhaps, not even to other departments in the same adipinistration. 

4. Before proceeding further it is desirable to state the various sub-heads under which bydio- 
logic data may be collected - 

(1) Precipitation both rainfall and snowfall (below the snow line), its amount, distribulit ii. 

intensity and frequency. 

(2) Snow surveying (above the snow' fine). 

(3) Allied meteorological d.ata such as temperature, humidity, etc. 

(4) River supplies—amount and variation. 

(5) Ground Water Supplies—location, yield, depth and fluctuation. 


* Extract at the end. 
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(6) Quality of natural waters—both surface and subsoil—with regard to their dissolved 

and suspended contents. 

(7) Evaporation;— 

(i) From the free water surface ; 

(it) From barren ground in various stages of saturation : 

(Hi) From trees, plants and crops including transYiiration losses. 

Each of these sub-heads will now be considered in some detail. 

•5. Precipiiation. —A, Exinting Position. —There are about .^,000 raingauge stations in India 
under various local administrations which are at present under the general supervisiojt of the 
Meteorological Department. In addition them are, it is definitely known, a very large number 
of other stations under the control of canal and forest departments in different provinces and 
states, railways, munieipalities, agricultiir.al farms and other bodies who have established these 
stations for their own purposes. ' 

While the Meteorological Department publishes the data collected annually from tlie 3.000 
stations under its control, there is no one compilation of the data colleoted by other agencies 
some of whom, however, bring this data in some form or other in their annual reporte. There 
must be some, however, who though record the data, do not publi.sh it in any form. 

An examination of the data avaihable for some c.atchments has revealed that raingauge stations 
are not fully representative of the area in which they lie. The existing raingauge stations were 
established for specific purposes—from the point of view of agricultural operations to supply 
information necessary for regulation of canal supplies, for public health measures, small water 
supply projects, and other general purposes. Their distribution i.s, therefore, not fully repre¬ 
sentative of the area as a whole and no basic study can be made of seasonal or cyclic fluctuations 
of frequency of rainfall of high intensity and of other rainfall trends for any particular area. 
In the hilly parts of the catchment of our major rivers raingauge stations are few and far between 
—thus making it extremely difficult to establish a rational relation between rainfall and run 
off for the river basins. 

This last problem is of very great importance in the proper correlation and utilisation of the 
country’s water resources. 

Very few snowgauges have be^n so far installed in the country. At some places observations 
of snowfall are made by rods measuring the depth of the s)iow fallen. 

There are very few self-recording T'aingange stations or .such stations where intensity obser¬ 
vations are regularly made. 

So far there has been no attempt at an analysis of the data collected—meagre as it is. 

B. Proposals. —The action that should Ire taken to make up the deficiency in our basic rainfall 
ilata was considered a few months ago in a meeting organised by the Chairman, Ontral Water¬ 
ways, Irrigation and Navigation Commission. The recommendations made by that meeting 
are included in those li.sted below;— 

(a) All raingauge stations existing in the country, but not at present under the suirervision 
of the India Meteorological Department should be brought under the zone of influence of that 
Department, and all data obtained from them should be oompiled and published with the Rainfall 
Data Volume of the I. Met. D. This will jn-obably need a new section in the rainfall 
organisation of the I. Met. D. 

(h) An inventory should be made of all rainfall data available with organisations other than 
the India Meteorological Department. Such data should be collected, compiled and published 
for as long a period as it is available. .A .special temporary branch of the I. Met. D. may be set 
up for the purpose. 

(c) The number of raingauge statioiis should be iuereased so that for each catchment it should 
be possible to obtain data representative of the whole catchment. Rainfall observations can 
be trea ted as a problem in large scale 8am])lu>g and it was decided at the meeting referred to above, 
to aim at an intensity and distribution of raingauge stations to give data correct within 10%. 
Besides the extent of the area, its orthography will determine the number of raingauge stations 
in it. For this purpose, it is suggested that the I. Met. D. should examine all catchments, one 
by one, and take action to install the additional gauges necessary in consultation with 
0. W. 1. N. C, or the local admini.strHtion concerned. 

(d) In high altitudes snowgauges should be installed such that the total precipitation in the 
area is obtained correctly within 10%. 

(c) Snow and rain should be leeorded seijarately. 
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(/) A percentage of raingauges should be of the integrating type ; 10% siioukl be the minimuai 
to be aimed at for the present, 

(gi) Intensity observations should be instituted at some stations. ■ It is recommended that 
60% of the stations in (f) above should have instruments for intensity observations in addition. 

(h) Time of beginning and end of storm should be recorded at all such stations where the 
observers are capable of doing so, 

(j) The analysis of rainfall data with regard to intensity, frequency, etc., should be taken 
in hand, catchment by catchment. 

6. Snoiv Surveying. —No snow surveying has so far been carried out in India. The importance 
of this work in connection v ith the forecasting of river supplies from snow fed streams lias 
been brought out recently. 

It has been propo,sed to invite TJr. Church to come toTndia next cold weather and help in 
the. institution of snow sui veys in this country in the catchments of (f) the Brahmaputra, (ii) 
the Tista, {iii) the. Kosi, (tc) the Oondak, (a) the Ganges, {vi) the iSutlej. (vii) the Beas orChenab 
and {viii) the Indus. 

7. Allied Meteorological data such as Temperature, Humidity, etc. —Observations of tempera¬ 
ture, etc., are carried out by the Meteorological .Department at their regular observatories but 
their number is small. It is very desirable to intensify the observations of temperature, etc. It 
is proposed that 20% of all raingaugo stations should also record dry and wet bulb and maxi ¬ 
mum and minimum temperatures. In hilly areas another controlling factor should be to 
have at least one temperatui-e recording station at every 2,000 feet interval of height. 

S. Miver supplies. —In connection with existing irrigation works, river supplies are accurately 
recorded at the heads of canal systems but there are many rivers on which there is no record 
of the supplies available at various times during the year. In the Punjab and Sind regular 
discharge observations are made at a number of points along the rivers. Similar observations 
are probably being made in Madras with respect to some of the inter-provincial rivers. Such 
observations in other provinces and states are believed to be few and far between. 11 is necessary 

that every river in the country is gauged at different points along its length. An investigation 
with regard to the actual position in different provinces and states is being made by the Central 
Waterways, Irrigation and Navigation Commission, with a view to the establishment of a net¬ 
work of discharge and gauge observation stations on all the rivers of the country. 

Sind and the Punjab print their annual records of supplies available and utilised. Such 
data should be published for all rivers on standard lines to be laid down by the Central 
Waterways, Irrigation and Navigation Commission. 

A sy.steni of flood Warnings exists on varions rivers dejiending on the importance of 
river and the damage it is likely to do. 

9. Ground Water Supplies. —No estimate of the av'ailable ground water supply has been made 
so far, except in one or two isolated cases. There is, how ever, a system of recording fluctuations 
of the water table in many provinces. It is believed that Punjab, Sind, U.P. and Bombay 
have a failrly extensive and regular system of observing water depth in selected wells. Sind 
makes S.S.W.L. observations in the Barrage Canal area by moans of pipes specially installed 
for the purpose. Possibly some arrangements also exist in other provinces but there is no 
co-ordination or uniformity in the w'ork done. No regular analysis of the data so obtained is 
being made. 

It is neces.sary to make an inventory of the, work that is now being done at various places 
and then extend it to tlie whole country in a proper manner. A ground water section has 
recently been opened under the Agricultural Department of the Govt, of India which will be 
transferred shortly to the Central Waterways, Irrigation and Navigation Commission. For 
operational areas (Docks) this section should make a study of— 

(rt) locations where S.S. water is available for withdrawal for agricultural or other purposes, 

(b) yield i.e., the amount of water that can be withdrawn continuously without depletion 
of the water table, 

(e) depth at whch water i.s available, 

(d) the fluctuation in the depth of the S.S.W. table—sea.sonal or over a long period. 

10. Quality of Natural Waters. —Nothing has been done under this sub-head anywhere in the 
country whether with respect to surface runoff or with respect to subsoil waters. All surface 
waters are generally fit for irrigation but the quality of subsoil water varies. It xs important 
that we should know the traet.s from which subsoil water should not be drawn for irrigation 
to prevent deterioration of land by the application of such waters. With regard to both subsoil 
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waters and snri'aee waters their dissolved mineral content should be ascertained to determine 
their suitability for various industrial and other uses and with regard to surtace waters, it is 
also important to determine their suspended detritus charge. The. latter has a long-range in¬ 
fluence on the behaviour of the rivers, rise of river bed, etc. 

It is suggested that the. ground water section referred to in paragraph 9 should he responsible 
for determining the quality of subsoil waters. For analysis of surface waters the Central Water¬ 
ways, Irrigation and Navigation Commission and the Irrigation departments of provinces should 
undertake the study. 

11. Evapwation. —Little work has been done in the eoiintry and proposals imrst he framed 
to carry out systematic and extensive observations all over India. It has been reeomnietlded 
by the meeting referred to in para. 5B above, that to start with observations should be made ot 
evaporation from free water surface at 50% of the observatories of the 51ett’Oi'ologieal Depart¬ 
ment. (There, are 400 such observatories in India.) 

As regards evaporation from soil and transpiration losses, etc., it is understood that the work 
is being done at farm observatoiies (80 in number) recently established by the Agricultural 
Departments in conjunction with the India Meteorological Department. The nature of the 
work being done at these places should be ascertained together with their lo<^ation and proposals 
for extension of the work partieurariy to hilly areas sliouhl be examined. This investigation 
may be made by the. India Meteorological Depai-tment. 

12. Research and Standardisation. —Except for a sin.all re.search organisation umier the Meteo¬ 
rological Department, there is no research carried out in our country on the improvements in 
and development of apparatus and methods employed in the diflerent observations described 
above. In India arid Ceylon there are, however, ten hydraulic research laboratories in various 
stages of devolopineut. The one in the Funjab may be .said lo bo at a fairly advanced stage of 
development but the others need large, extensions before they can be called linst class research 
stations. At these stations the work includes development in the methods of observation of 
river discharges, study of detritus, and of the behaviour of rivers. T'he Central Board of Irri¬ 
gation assists in the oo-oedination of work done at the.se research stations. 

It appears nenoasary that the 10 stations referred to above are fully developed and further 
that the research organisation under Meteorological Department be devidoped intci a large and 
important organisation for carrying out research on mefeorologieal instrummits and methods. 

13. Inspection Afjencies.—Tho India Meteorological Department has a small organisation 
for periodic inspection of their observatories and ofraingauge stations now under their control. 
The inspection at present conducted is not considered sufficient and it was recommended at the 
meeting previously referred to, that the inspectorate of the India Meteorological Department 
should be adequate enough to ensure that apart from the regular obsservatories, each raingauge 
station is inspected at lca.st once a year by a gazetted officer or a qualified inspector of the India 
Meteorological Department. To obtain this and to cover the largo number of existing stations 
now to be brought under the, supervision of the India Meteorological Department and the large 
number of those yet to be installed, the inspectorate organisation of the India Meteorological 
Department will need to be enlarged very considerably. 

14. Programme of Work. —The, meeting referred to above, considered that it was desireable 
that the development outlined above should be effected according to a programme extending 
over three yea rs. 


References. 

1. Physics of the Earth IX—Hydrology—Meinzer. 

2. European Hydrologic Activity—Samuel Shulrtz—.American Geophysical Union—19th 
Annua) Meeting 1938. 

•3. Deficiencies in Basic Hydrologic Data—National Research ('ommittec. Sept. 1938. 

Geophysic-VI. .VeriviTiKS ix the U. S. A. 

{Extract from a note referred lo in para. 2.] 

In the United States many Govornnient agencies have been established for hydrologic investi¬ 
gations. The following may be mentioned :— 

Geological Survey ........ Surface and ground water Iiy- 

drology. 

Weather Burhau . . . . . - • . Fnmipitatinn, etc. 

Western Interstates Snow Survey conferences . . . Snow surveying through several 

agencies. 
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Aiijiy engineers ........ Sstream (ivnainics aii<l I'ivej- 

systems. 

Forest and Soil Conservation Service .... Infiltration, erosion uml tvan.s- 

piratioii. 

Deptt, of Agriculture . . . . . .A 

National Hydraulic Laboratory of the Bureau of Standards I 

Bureau ot Reclamation ....... ( Vai iou.s phases of hydrology. 

TheT.V.A.j. 

In addition to ihe above^ work is done in various universities, technical schools, etc. and 
co-ordination is carried out by the Water Resources Committee. 

The American Ccophysieal Union was formed in 1919 as a part of the International Union. 
Its sections are : - 

(a) Geode.sy, 

(b) Seismology, 

(c) Meteorology, 

(d) Terrestrial Magnetism and Eleetrieitj-, 

(e) Ooeanograpliy, 

(/) Vulcanol()g 3 % 

(ff) Hydrology, 

(h) Teetono-physics (since .April 1940). 

The object of the .American Union is to assist in the work of the International Union and 
to promote and co-ordinate vai'iou.s branches of Geodesy and Geophysics in U.8.A. 

In 1941 there were I,,344 members paying a subscription of ,3 dollars each. In addition there 
are a number of ex-offirio mcnihera. 

Meetings of thi.s .4.s.sociation are held annually. .Regional meetings are held in addition. 

APPENDIX 21. 

Ml.NUTES OF THE MEETING BETWEEN CENTRAL WA'l'ERWAYb, IRRIGATION AND 
NAVIGATION COMMISSION AND METEOROLOGICAL DEPARTMENT OF INDIA 
HELD AT DELHI ON THE Ktth AUGUST 1940. 

Present, ;~ 

1. Rat Raii.adur A. N. Khosla {in the ehair). 

2. Mr. S. C. M-AJUMoar, Member (IF. and N.), C. IF. /. N. C. 

3. Mr. Mohstis Al.i, Irrigation Member, (J. IF. 1. N. (!. 

4. Dr. S. K. Baj^erh, Director Oeneral, Meteorological Department. 

5. Mb. V. Satakopan, Assistant Meteorologist. 

0. Rai Bahadur Kanwab Saisi, Svperintendirig Engineer, Pvnjab. 

7. Mr. N. D. Gulhati, Secretary, Central Board oj' Irrigation. 

8. Mr. M. D. Mithai., C. IF. 1. N. V. 

9. Mr. K . P. Vaisisth, IF. /. N. C. 

10. Mr. M. L. Soon, C. IF. I. N. C. 

11. Lt.-Coj.. Bat-waJit SinoH Nao, C. H . /. N. C. 

12. Mr. M. R. HASGASWAJiy, C. W. 1. N. O. 

The .subject of the agenda was taken one by one and after discuasioii decisions wcie arrived 
at on the agenda : 

Items 1 and 2— 

(1) To consider and lay down a general jiolicy for the collection of hydrological data 

t.e., rainfall, snowfall, ton)peratnre, humidity, evaporation, wind velocity, etc. in 
catchments all over India. 

(2) To consider the extent of facilities in respect of item (1) that exist at pre.sent and further 

facilities, e.g., setting up of raingaiige, snowfall, temperature, humidity, etc., stations 
which are necessary to be provided in catchments and the. order of their priority. 
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]. It was agreed that the laspeetioa Directorate of the Meteorological Department of India 
should be strengthened to provide for a regular inspection of observatories, raingauge stations, 
etc. 

It was agreed that all the raingauge stations should be inspected once a year by a gazetted 
officer or by a qualified inspector of the Meteorological Department. Based on this, the Director 
General of Observatories was requested to work out the new strength of this Inspection 
Directorate. 

( Action—Meteorological Department .) 

2. So far as the rain gauge stations arc concerned the objectives are ;— 

(i) i’ublie Health. 

(ii) Agriculture. 

(Hi) Kun-ofF— 

(a) Water resources ; (h) Seasonal and cyclic finctuations and trends ; (c) ]‘'lood.s. 

At present the observatories and raiugauae stations have been generally planned to meet 
the general requirements of Meteorological Department with particular reference to agriculture, 
but in view of objective (iti) ».e., run-oif, the time has now come for formulating a general policy 
as to the intensity of these raingauge stations keeping in view the maximum permissible error 
for predicting individual floods of the main run-off over a certain period. With that in vriew 
the Meteorological Department will make a special study, in the course of time, of India as 
a whole, catchment by catchment. Special waterways maps of India are being prepared by 
the Survey of India Department and will Ik* supplied to the Meteorological Department a.s soon 
as received. 

(Ac/ioH — -MeleorologiaU Depnrltntjit and 0. IT. /. N. O.) 

3. It was gencrall}' agreed that 10 per cent error in the e,alculation8 of individual floods should 
be accepted as a general basis. The Meteorological Tftqrartment will work out the required, 
intensity of the stations on this basis. 

(Action—Meleorologiral De/jiariment.) 

4. It was agreed, as a matter of general policy, that the ca pital and recurring charges in respect 
of raingauge and other observation stations put up in tliC provinces for general purposes should 
be met from the provincial revenues. In case of States, they should be met from the State 
revenues, if possible, otherwise by the Centre. In respect of additional observatories for general 
purposes or otherwise, the responsibility should lie with the Central Government chargeable 
to the budget of the Meteorological Department, except in respect of specific projects, in which 
latter case, they will be chargeable to these projects. Regarding the rain gauge and other obser¬ 
vation stations set up for the special projects, both capital and recurring charges shall, for the 
time being, be met from the budget allotment of the projects concerned. 

The instruments and methods of observation and record should bo according to the standards 
laid down by the Meteorological Department irrespective of the fact whether this n ork is done 
by that Department or by C. W. 1. .\. C. If desirable, certain instruments should be 
obtained bv the Meteorological Department as part of their .stock, or as part of the 
stock of the (k W, I. N'. C. 

(Action—Meteorological Depurtmeiit and C. IT. 1. N. 

5. The part of the organisation of the India Meteorological Department which deals with 
the existing instruments and invents new types of instruments should be strengthened as neces¬ 
sary to cover not only the work in connection with new raingauge stations, but the obser¬ 
vatories and other recording stations envisaged in item (1) of the agenda, the necessity of which 
was discussed in detail. 

In addition to the observation stations set up by the Meteorological Department, quite a 
large number of rainguage stations have been set up by the Canal Authorities, District Boards, 
Municipalities, Indian States, Railways, iforest Authoritie,s and P.W.D. for their own specific 
purposes. Since these will supply very useful data in conjunction with that obtained from the 
Central Stations, it is generally felt that the Inspection Directorate of the Meteorological Depart¬ 
ment should include such stations also in the list of inspection. 'I'he Meteorological Department 
should collect the data about all such rainfall stations and publi.sh them as a supplement to the 
All-India Rainfall Record, 

( A ction—Metexirological Depa rtment ■ ) 
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t). (t WAS agreed tKat Temperature Stations should be set up to the extent of at least 20 
per cent of the raingauge stations and such stations should have dry and wet bulb, and masirautii 
and minimum temperature recorded therein. 

In hill areas it will be necessary to have temperature observations at every 2,000 ft. interval 
of height and this may increase the number of stations. 

(A clion —Meteorclogical Department.) 

7. Half the number of regular Meteorological Observatories should also record evaporation 
from free water surface. Evaporation from soils is probably being observed in Farm Stations. 
The question of extending these Farm Stations to speeial projects should be considered. 

For special projects the evapovation observations from soils should be conducted in hill 
area stations that may be set up. 

(A ction—Meteorological Department.) 

8. Of the new stations to be put up, 10 per cent should be Self-recording raingauge stations. 
The same policy should be followed throughout India according to the time schedule. Of 
these 10 per cent stations a cei tain proportion should have also barographs, thermographs, 
self-recording instruments of temperature, pres.sure, humidity, wind, etc. This proportion 
will be determined by thi“ Meleorologieal Department from above and other general consider¬ 
ations. 

{Arlion—Meieorolugical Department.) 

0. Ten per cent of all our stations should have seif-recording raingauges, half of whicl( should 
be intensity stations. 

(Action—Meteorological Depatimenl.) 

10. There are no observatories in India for observing snow excepting the one at Leh (1I,00(» 
feet high) and it was agreed that snow observations should be sited near the snow lines in the 
different catchments, namely (1) Brahmaputra, (2) Tista, (3) Kosi, (4) Gandak, (6) Ganges, (6) 
Sutlej Valley or Kala Valley and (7) one either in Bias or Ghenab and (8) in the Indus territory. 
Below the snow line the rain-gauge stations should allow for measuirng snow, the exact details 
of measurements to be determined by the Meteorological Department. The rainfall and snow¬ 
fall will be recorded separately. 

(Action— Meteorological Department.) 

11. A programme for a complete set up of the above recommendations will be about three 
years. 

(A clion — Meleorologieal Department.) 

Item 3.—To consider plans for the setting up of observation stations for the collection of 
hydrological data in a{>ecific catchments like the Ko.si, Mahanadi, Sone, Charabal, 
etc. 

The Meteorological Department will prepare plans for the setting up of observation stations 
for the collection of hydrological data by catchments of the Kosi, Mahanadi, Tista and Sone. 
and submit these to G.W. l.N.C. foi’ appt oval. The plans w ill be reviewed by a separate committee 
for each catchment and the states concerned will be consulted though their representation oj) 
these committees will not l>e necessary. 

I Action—Meteorological De,fuirlMe.nt.) 

Item 4.—To cousidei- in respect of item (3) the qualifications and pay scales of personnel 
to be recruited and the directive to be issued to them for various classes of work. 

The Meteorological Department will submit to C.W.l.N.C. their plans for the establish¬ 
ment of observation stations in the different catchments, namely Kosi, Mahanadi, Tista and 
Sone, and on approval by C.W.I.K.C. will proceed. Qualifications, pay scales, etc., will be the 
same as for the Meteorological Department and the expenses will be borne by the G.W.I.N.G., 
the cost being nic't by the respective projects or from the general budget of C.W.T.K.l!. 

(.4clion—Meteorological Department and C.W.I.N.G.) 

Item 5.—To considei' arrangements for co-ordination of activitie.s of the G.W.I.K.t!. and the 
Meteorological Department in respect of hydrological w'ork. 

The Meteorological Department will submit periodical report at three montly intervals after 
the receipt of the approval of the plans mentioned in item 3 and financial sanction. This three- 
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monthly report will be inclusive of all the projects in hand, Tliese rcpoi ts will then be l eviewed 
itt a joint meeting of the (J.W.I.N.C. and the Meteorological lftp)ai'tment and the I'olevant matters 
discussed and decisions arrived at. 

It was also j’eaolved that C.W.I.N.C. should he reproaeiited on the .foint Meteorological (loin- 
mitteo which is already sot up in the Meteorological Departuient and holds monthly meetings. 
This committee comprises of representatives of Air Hqrs., Dg. (livil Aviation, Navy, Agrieultur.al 
Department and^Army. llepiesentativos of other departments interested in particular items 
also participate, 'fhe Director (General of Observatories will take action with the Government 
of India for taking a representative of C.W.I.N.O. on this cornmittee. 

{Aeiiim—Meteomlogirnl De/ptirtment.) 

Item 6. —To consider advi.sahility of inviting Dr. (Tiurch to India, toDils of emoluments 
and reference and the programme of visits. 

It was resolved that an invitation should he extended to Dr. Church to visit India about 
January and in the meantime meii should be recruited with sufficient scientific background who 
will he prepared to work on the snow line, and unless they know ski-ing already would be ))i'ey>aied 
to take lessons in it for the purpose. The scales of pay for those men will be dcte?’miiied by the 
D.G. 01)servatorio.s, Meteorological Department, Government of India. A je((iiest foi' ci’cating 
these posts will be made from the ('.Wil.N.G. immediately. 

Secondly the request for deputation of Dr. Church will also be made by (kW.I.N.C. on tJie 
basis of the letter read out by Hai Bahadur Kiiiiwiir Sain and other information supplied by 
Dr. Banerji. In this c'onne<!tioii a re.solution of the C.B.I. is recorded. It will be necessary 
to charter a special rilune and get him to India. Dr. Banerji ruomised to forward a note on 
this subject. 

(Ar.tion—Meleorologicnl Depaii.mniit rnid C.W.I.N.O.) 

Item 7.—To consider the .setting up of .scismologieal stations in the Kosi Valley in particular, 
the personnel to be employed and the equipment to he immediately ordered in 
this connection. 

The two officers mentioned in item 9 will ie|joi-t on suitable .site for a seismological station 
at Khatmaiidu and somewhere near the Kosi dam site and the Meteorological Department will 
thereafter prepare plaiv and estimates for sotting up strong motion seismographs as well as seis- 
mogi'aph oif Wood Henderson and Milne Straw typo, and tire staff required for these. Seismolo- 
/gical stations are also r' 0 ((uii'(rd to he installed at Sambalpur dam site and Tista dam site. 

The Meteorological Department will proceed to rrtakrs arrangements for' the necessary erjuip' 
merit. 

{Adion—Meteorolngiml DcjMirlment and C.W.I.N.O.) 

Item 8.—'1.0 consider the question of training of staff of C.W.I.N.O., etc., for hydrological 
wor’k. 

The Meteorological Department will provide facilities for the training of staff of (kW.I.N.C. 
in its Hydrology Branch at the Meteorological School at I’oona. For the observat()rie.s, staff 
will be recruited and trained by the Meteorological Department in the usual way. 

{Action—Meicjrrologiciil Uepartmenl ami G. W.I.N.C.) 

Item 9. —To consider tr aining of Nepalese personnel in Hydrological and Seismological 
work. 

As it is apprehended that rijualified Nepalese for the post of observers would not be wrllirig 
to go to I’oona for necessary training the D.G. of Ob.servatories agreed to send two <]ualified 
instructors to Nepal. They will train ob.sefvers and al.so establish a First Class Observatory, 
at the cost of C.W.I.N.O. If Nepalese personnel be, available for higher ^osts like Meteorological 
Assistants or Professional .Assistants, they will have to go to Poona for training. They should 
be Scienrre Graduates or M..As. 

{Action — Mdi'innlogicnl Dejmrhinnl and G.W.l.N.O.) 

APPENDIX 22. 

HYDROLOGIC DATA. 

Ever since its for ination. the Central BoaiM of Irrigation ha.s had under' ex'ainination various 
aspects of hydi'oiogic data, anil the import.anee of eolleeting tlicrir in a systematic manner. 
Various I'esohitions recommending to the Government of India and the provincial and state 
governments rneasrtr'e.s towmds this end have been adopted in the. past. At its last .meeting, 
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however, the Board j)assetl a very coinpreheiisivc resolution-on the collection of all' kinds of basic 
hydrologic data* necessary for optimum development of the water resources of the, country. 
This resolution is of wide intci'est and is published liere for general information.. 

“ Resolved that the Board is of the considered opinion that for the full and optimum deve¬ 
lopment of the country’s water resources, it is essential to observe and collect basic hydrologic 
data in as comprehensive a manner as possible, and for this purpose makes the following recom¬ 
mendations :— 

1. Metborologicai, Bata. 

(.d) Jiain qnugM .—“ 1. The nu mber of raingauge stations-in all catchments should be in¬ 
creased, whci-e necessary, so that for each catchment it is possible to obtain data i-epresentative 
of the whole catchment. In. addition to the extent of the area, its orthography will also deter¬ 
mine the number of raingauge stations re(|uired in it, and their distribution. I'he determina¬ 
tion of the number of raingauge stations in a catchment and their distriVmtion should be treated 
as a problem in large scale samjrling. For the present, the aim should be to obtain data correct 
within Id per cent. 

“2. The. integiating type is i-ecommended for inaccessible localities also at least 10 per 
cent of all raingauges in a catchment should be of this type. 

“ 3. In other locatioits the .standard ty|)e of raingauge adopted by the liidia Meteorological 
Department should be used. Wliere facilities e.xist the duration of heavy jainfall should be 
recorded. 

‘‘ 4, Intensity ohsorvation.s should bo instituted at some stations. It is proposed that 5 
per cent of all the raingauge stations should have instruments for intensity observations in 
addition. 

(jB) Snoiv Gauges. —“ 1. In high altitudes .snow' gauges should be installed, such that the total 
precipitation in the area is obtained correctly within 10 per cent. 

“ 2. Snow should be recorded separately from rain. 

(0) Snow Surveying. —“ For catchments above the snow line snow surveys should be carried 
out every year. The Board recommends that the serviet's of Dr. Church be obtained to institute 
snow surveying in the country. 

(D) Temperature and HumidUy, etc. —“ At least 20 per cent of aU raingauge stations should 
also record humidity and maximum and minimum temperatures. In hilly areas it is necessary 
for each catchment (or unit area adopted) to have at least one temperature recoi’ding station fbr 
every two thousand feet interval of height. 

(ii) Agency .—“ 1. Agencies for installing and operating rain and snow gauges and instru¬ 
ments for recording temperature, humidity, etc., should be decided in consultation between 
(1) Provincial and State Governments concer-ned, (2) India Meteorological Department, (3) 
Central Waterways, Irrigation and Navigation Commission. Sub-Committees should be formed 
for different cateWents. 

“ 2. The India Meteorological Department should examine all catchments one by one, and 
take action to have additional gauges, as necessary, installed in consultation with the Central 
Waterways, Irrigation and Navigation Commission, or the local administration concerned. 

“ 3. All raingauge stations existing in the country, but not at present under the super¬ 
vision of the India Meteorological Dep artment should be brought under the zone of influence 
of that Department. 

4. All data obtained, whether from the stations now under the control of the India Meteo¬ 
rological Department, or from those now und§r the control of other administrations, and from 
those which will now be installed, should be compiled and published by the India Meteorological 
Department in annual lainfall data volumes. Evidently, it will be necessary to enlarge con¬ 
siderably the present rainfall organisation of the India Meteorological Department. 

“ 5. An inventory should be made of all rainfall data available with organizations other 
than the India Meteorological Department; such data should be collected, compiled and publish¬ 
ed by the India Meteorological Department, as supplementary rainfall data volumes for as 
long a period as po.ssiblo. A special temporary branch of the India Meteorological Department 
may have to be set up for the purpose. 

“ 6. The analysis of rainfall data for different catchments with regard to intensity, frequency, 
trends, etc., should be made periodically according to a definite programme and the results 

• A detailed study ot the subject has been made in Punjab Kn’iineeriog Congress Paper No. 
“Hydrologic Data- Us impovtam’c and tolletdlou.** 
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published. The nature of the analysis and its periodicity for data obtained from individual 
catchments should be determined by the sub-committees to be formed for each catchment. 

If. Stream Gacoino, 

“ 1. All streams should be gauged and discharges observed by the local authorities on as 
extensive a scale as possible The gaugings on any stream which affects more than one province 
or state should be co-ordinated by the Central Waterways, Irrigation and Navigation Commission. 

“ 2. Automatic self-recording gauges should be installed at key points. 

“ 3, All data on flow of streams and rivers in the country should be published in yearly 
volumes and all such publications should be co-ordinated by the Central Waterways, Irrigation 
and Navigation Commission. 

“ 4. The Board is unable to recommend any specilic method for calculating the maximum 
probable discharge of a stream. To enable it to make a definite recommendation it is suggested 
that provinces and states should furnish the data available with them to the Research Committee 
on the form appended to the 1946 resolution on this subject. 

“ 6. Data should be collected and analysed in co-operation with the Meteorological Be 
partment to yield ;— 

“ (ffl) The relationship between frequency, intensity and duration of rainfall, at selected sta¬ 
tions in India, and 

(/>) The application of the lesults of (a) to run-off dischaiges. 

III. Grouno Water Suvrues. 

“ 1. Investigations should be carried out to determine for specific areas (doabs)— 

“ (a) Locations where sub-soil water is available for withdrawal for agriculture or other 
purposes. 

“ (b) Yield, that is the amount of watei' that can he withdrawn continuously or at I'egular 
intervals without depletion of the water table, 

“ (c) Depth at which water is available. 

“ (d) The fluctuation in the depth of the water table -seasonal or over a long period. 

“ (e) The replenishment of the water table that occurs during normal and abnormal raiit' 
fall. 

“ (/) The economy of withdrawing supplie.s from the sub-soil for agricultural or other pur¬ 
poses. 

“2. The actual investigations should, as far as possible, be left to local administrations, 
but a central organir.ation should assist in co-ordinating and standardizing the work involved, 
and shonld be prepared to take it up where local administrations do not feel interested. 

“ 3. A very pertinent study under this head relates to the regeneration in rivers. It appears 
desirable that the Central Waterways, Irrigation and Navigation Commission, in conjunction, 
with local Irrigation Departments, undertake a comprehensive study of the supplies available 
in rivers from regeneration. Irl this connection it would be very useful to know the different 
reaches of a river in which it acts as a drain and in which it actually feeds the sub-soil reservoir. 

IVL KvAPORATrONT. 

“1. Systematic and extensive observations must be undertaken all over India. 3'o start 
with, observations should he made of evaporation from free water surface at .'30 per cent of the 
regular ob.scrvatories of the Meteorological Department. 

“ 2. As regards evaporation from soil and transpiration losses, etc., it is understood that 
this work is being taken up at the farm obseivatories (about 80 in number) recently established 
by the Agricultural Departments in conjunction with the India Meteorological Department. 
The nature of the work undertaken at these places should he ascertained, together with their 
location, and proposals for the extension of the work, particularly to hilly areas, should be 
examined. 'I'his investigation can be made appropriately by the India Meteorological Depart¬ 
ment. 


Ikpiltration and SUB-SOlf. Ff.OVV, 

“ The determination of the rates of infiltration for different kinds of soils in various parts 
of the country , and studies of sub-soil flow, should be undertaken by Irrigation Research Ins¬ 
titutes, and also at the farms of the Irrigation Department. 
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VI. Research and STANDARJlZA'noN. 

“ It appeal's necessary that the ten Ii-rigation Research Institutes in India and Oeylon are 
developed fully and further that the research organization under the Meteorological Depart¬ 
ment be extended into a large and important organization for carrying out research in Meteoro¬ 
logical instruments and methods. There is great need for standardization in methods, in forms, 
and in the nature of publication of data. 

VII. Inspection Agencies. 

“ The India Meteorological Department has a small organization for periodic inspection of 
their observatories and of rain gauge stations now under their control. The inspection at present 
conducted is not sufficient and it is necessary that the inspectorate of the India Meteorological 
Department should be adeejuate enough to ensui-o that apart from the regular observatories, 
each raingauge station is inspected at least once a year by a gazetted officer or a qualified ins¬ 
pector of the India Meteorological Department. To obtain this and to cover the large mlniber 
of existing stations, those now to be brought under the supervision of the India Meteorological 
Department and the large number of those yet to be installed, the inspectorate organization 
of the India Meteorlogical Department will need to he enlarged very considerably. 

VIII. Water Baeance op t.'ATCHMENTS. 

To correlate hydrologic observations and studies recommended under different heads 
above, the Boaid considers it important that a comprehensive study of the water balance of 
some catchments should be carried out. Such a study will include rainfall over the catchment, 
runoff, rise or fall in water table, evaporation, transpiration, etc. The Board recommends that 
to start with the Damodar catchment be selected for the study and a sub-committee formed 
comprising Dewan Bahadur Ramanathan, Dr. Bose and a representative to be nominated by 
the Central Waterways, Irrigation and Navigation Commission to work out details, ” 


By another resolution the Board has laid down some tentative standards for the collection 
of hydraulic and other data in connection with ton’ents in boulder rivers and streams. This 
resolution is as under:— 

“ A. Hydiuulic data for the following puiposes are required in preparing lesei voir pro¬ 
jects :— 

1. To detci'ininc the runoff from the catchment. 

2. 'I'o tind the maximum flO(xl discharge. 

a. To find the silt coutents, and 

4. Study the hydraulics of flow in torixmt.s. 

B. The data required are ;— 

•‘I,—DISCHARGES—Discharge observations should preferably be taken twice a day 
when the river is steady. 

“ During floods discharge observations have t-o be taken more frequently. At least five 
observations should be taken, one when the river begins to rise, another at the 

peak stage, a third one when the river has fallen to the normal, with two more 

in between the rising and falling stages. This is with the object of determining 
the total volume of water flowing at each flood. If the flood lasts longer than 
a day, move observations for intermediate stages have to be taken. 

Method of Discharge Observations. 

■■ The ideal ai'rangeinent for takuig velocity observations is by cradle gauging with current 
meter. Trestles are fixed on either bank of the river with a wire rope passing over them. The 
cradle is suspended from the wire repe, from which the current meter is lowered in the river 
at suitable observation points. 

“ The simpler method, though not so accurate would be to observe surface velocities by 
floats. A straight reach of 500 feet may be selected wherever such lengths are available. Cross 
Sections should be taken as frequently as possible. Gauges should be at the cross section site 
on both banks and should be read every three hours from 6 A.M, to 9 P.M. daily, when the river 

is more or less steady. During floods it should be I'ead hourly all througlj the day and night 

specially at the falling and rising stages. 
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'■ It will i)t' desirable to install automatic water level recordei's wlierevei- possible, 

“ Another gauge may he fixed at least 500 feet below the first gauge to record observations 
for determining rugosity coefficients. 

“ II,—Rainfall and temperature records should also be maintained. 

*■ III.—Silt Observations—Silt observations should be taken along with the discharge ob¬ 
servations as laid down above. 

'■ Wherever liridgos or suspension cables arc availahks suspended silt samples can be col¬ 
lected bv loaded buckets, with a lid arrangement which can be closed by springs. Samples 
may be ’eoHoetcd by lowering the bncJret :5 to 4 feet below the surface from the bridge or sus¬ 
pender cable and opening the lid when tlie bucket is immersed. The bucket may be lowered 
to 0-6 depth wherever possible. The sample should 1 h^ collected from the main stream. If 
possible two more samples from the two sides about oru'-sixth distant from thi' bank may be 
■oolleeted. 

“ 'I'en litres of the water collected h.\' the buckets mixed together form one sample. 

“ 'I’he weight of silt in each sample so taken should then be determined. 

I V, —The following additional information should also be furnished — 

1. Evaporation—daily, monthly and yearly rates of evaporation. 

2. Presence of logs, oi other ftoating matter in each flood. 

5. Distance of woirs or diversion channels, if any, upsticarn of the ganging site. 

4. (Teneral fall of the river for at least one mile above and below the gauging site. 

5. Distance at whicl} tributaries .join the river above the gauging site. 

■fi. Distance at which the torrent joins any other river below it. 

7, Existence of flood banks above or below the gaugiirg site. 

S. Area of cultivation in the catchment above the gauging site. 

9. Distance of the nearest bends in the river above and below the gauging site, and 

1(1. Snow-fall in the area, if any. ” 


APPENDIX 23. 

NOTE ON OCEANOOKAPHy. 

By Dk. K. K. Ramanathan. 

Physical Oceanography and Meteorolog,y tu'e intimately related. The physical causes govern¬ 
ing the circulation of the oceanic w'atei-s are essentially the same as those which govern the cir¬ 
culation of the atmosphere. The major currents of the atmosphere and the ocean act and react 
on each other. The waters of the ocean are the great storehouse for the moisture in the atmos¬ 
phere. On the biological side, the study of the fauna and flora of the seas at different depths and 
their short-term and loirg-term movements and changes are of great interest to the marine bio¬ 
logist and from a practical point of view, to Departments of Fisheries. A study of the topo¬ 
graphy of oceatr-floorrs, and regions of or-ean currents is essential for purposes of practical naviga- 

tion. c> • i 

The serious study of Physical and Biological oceanography is however expensive. Special 
sldps have to be equipped for collecting the necessary facts, the region to be covered is large and 
■specialists have to w ork for many years to analyse and correlate the-facts. Historicall.y, the 







(.■ailiest collection of oceanographic data was made by vessels of Mpa-fariiig nations liUi' Britain, 
the Netherlands and Germany, and later, expeditions with ships specially fitted fo?' (tie study 
of deep seas were undertaken to cover regions not frcrpiented hy coinniereial ships. 'I’lie famous 
‘ Challenger ’ expedition of Sir John Murray was one of the earliest of such expeditions. Other 
countries like Germany, Holland, Denmark, Norway and U. S. A. have also made many oceano¬ 
graphic voyages with Survey Ships. At the Vjoginning of this eentiirv, the International Council 
for the Exploration of the Sea was instituted with its headquarters at Copenhagen. 'I'his Ins¬ 
titution has not only done much to study the fisheries problems of the seas of N. W. Kurope 
hut has collected much valuable data relating to Physical Oceanography and Hydr ograpliy. 

Oc('anography work is usually eanied on by Government agencies—hydrograjihic depart¬ 
ments and Bureaus of Kisheiies generally—or Institutes for Oceanogiaphic Research. Techni- 
tpies of making deep-sea observations have beeji develojx^d in these in.stitutes and Government 
dejiartments. Norway was a pioneer in building small sturdy vessels vvliieh could carryout 
intensive and extensive oceanograjihie work. In Euro[)e and Anieiic® thei’e are many oceano¬ 
graphic Institutes nou- functioning. Japan liad a few active Institutes and probably still has. 

In India, the hydj ographic work relating to Indian waters has been in the hands of the Hoyal 
Indian Marine and a considerable amount of w'ork has been done by the Marine Survey Ship 
Investigator both in I’hysical Oceanography and Marine Biology. J'he British John Murra,v 
Expedition of 19,'1.'{-,'14 oi'ganised by the British Admiralty collected valiiahh' information regard¬ 
ing the topfigraphy and deep-sea oceanography of the Indian Ocean. J’hc lesults of geographic 
and oceanogra))hi<' research in Indian waters have heon summarised in various pajxrs by Mr. R. 
B. Seymour Sewell. The Fisheries Department of the Madras Government have a Msheries 
Station at .Mandapam. It is understood that the Central Govemmeitt is going to start a Central 
Fisheries Institute at this place. The Ceylon Government has also a Fisheries Departnieilt. 
The Madras University had a school of Marine Biology and a Marine Aequarium but its studies 
were confined mainly to coastal waters nnind about Madras. 'I’lte Provisional International 
Civil Aviation Organisation has recommended the establishment of an Ocean Weathei- Observa¬ 
tion ship at fio^E. Considering the importance of the subject as a fundamental aeienee 

and its iiraetical usefulness, the work that has been done in India is yet little. It is recommended 
that (I) Plans slionid be made to e.xpand the Central Fisheries Institute at Mandapam into a 
well equipped Ooeanographi(! Institute so that it will be an International Centre for oceanographic 
studies in the Indian Ocean. (2) Begional Institutes should also be estahlishiM at Cuttack. 
Calcutta or Chittagong in the Bay of Bengal and at Bombay or Karachi in the Arabian iSha. 
(3) Each Institute should possess a small sturdy .ship equipped for studying surface and deep-sea 
conditions, collecting deep-sea .specimens and small laboratories for doing physico-chemical and 
biological work. (4) Suitable staff should be selected to visit and get trained in aetiv'c oceano- 
graphii' Institutes in Europe and U. S. A. (6) As the subject of Oceanography borders on the 
sciences of Meteorology, Geophysics. Hydrography and Biology, nn expert sub-committee in¬ 
cluding one or two memlK'is faniiliai with Marine Biology should be a]ipoiided to prepare 
detailed plan-s. 
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APPENDIX 24. 

A PRELIMINARY PLAN FOR THE CENTRAL GEOPHYSICAL INSTITUTE. 
Submitted by Pbof. M. N. Saha, F.R.iS., and Mb. S. N. Sbn. 


THE GEOPHYSICAL PLANNING COMMITTEE, GOVERNMENT OF INDIA. 
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ophysics with details of 


I. INTRODUCTION. 

'The Government of India, Posts and Air Department, in tlu ir letter No. IS-M/lO-l.o, dated 
New Delhi, the 21st January IfGO, constituted a Committee consisting of the iollowing luemberM 
to eousidcr and report on the question of organising and developing in India institutions dealing 
with the study of geophysics ;■— 

1. Prof. M. N. Saha, F.R.S. 

2. Dr. J de Graalf Hunter, Se.D. ') 

3. Rrigadior E. A. Glennie. } 

4. Mr. D. N. Wadia, Mineral Adviser to the Government of India. 

6. Dr. W. D. West, Se.D. (Cantab.), F.N.I. 1 Geological Survey of India- 

6. Dr. G. Dessau. ) 

7. Dr. S. K. Rauerji, O.B.E., D.Sc., I’-N-I- 7 Meteorological Department. 

8. Dewaii Bahadur Dr. R. R. Ramanatnan, ) 

D.Sc. 

(9) Rai Bahadur A. N. Kliosla of the Central Waterways, Irrigation and Navigation Commis¬ 
sion, (10) Mr. B. L. Culatee of the Survey of India and (II) Mr. N. D. Gulhati of 
the Central Board of Irrigation were later included as members of the Committee. 


I Geological Survey of 1 
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The object of the Committee was to consider fully the existing opportunities for geophysical 
work in India under the supervision of tho^Govemment Organisations such as the Meteorological 
Department, the Geodetic Survey of India and the Geological Survey and other state organisa¬ 
tions and to prepare plans for future coordinated work in this important field. At the first moot¬ 
ing of the Planning Committee held at Calcutta on the 4th and 6th February, 1946, it was agreed 
that™- 

“ The Committee should (i) prepare a plan'for geophysical work in India making full use of 
the existing institutions, expanding them wherever necessary, (ii) define the fields of 
responsibility of different departments and institutions and suggest methods of co¬ 
ordinating the work as a whole, (iii) prepare plans for a Central Geophysical Institute 
and (iv) work out the requirements as regards finance and personnel.” 

With regard to the Central Geophysical Institute, 

“ The Committee was of opinion that India should have a Central Geophysical Institute 
which .should work in close collaboration with the Geological Survey, Geodetic Survey 
and the Meteorological Department and should have a constitution similar to those 
of the National Physical and Chemical Laboratories. It should undertake funda¬ 
mental work— 

(a) in the measurement of gravity (gravimetric work), 

(b) in seismic methods of prospecting, 

(c) in magnotio and electrical surveys. 

it should have an annual programme of field work which should bo planned in consultation 
with the above departments. This Institute should also encourage teachers of physics 
and students from different universities to come to it and undertake research work 
in differciit branches of Geophysics.” 

(1). The Institute should also undertake training of geophysical problems with special refer¬ 
ence to Indian conditions. Supply of trained peraonnel in any technological programme of 
activity constitutes tlie first bottleneck, and accoixlingly it is proposed that tlic Institute sliould 
offer ade<juate facilities for training annuallj' a number of geophysicists commensurate with the 
needs of the country. (2) Tlie Institute should also have an annual programme of field work for 
the education of studomts whicli .should be planned in consultation with the above Government 
Depai'tments. (3) It should also (sncouragc teachers of physics and students from different 
universities to come to it and undertako research work in different branches of Geophysics. 

Geophysics, as wo sliall see latei', is a broad subject and iiusludes such subjects as meteorology, 
seismology, terrestrial magnetism, terrestrial and abmo.spheric electricity, oceanography, vol¬ 
canology, hydrology and geophysical prospecting. In the following preliminary plan for the 
Central Geophysical Institute, consideration has, however, been given to geophysical prospecting 
only, as a subject of ti^aching, research and field investigation. The complete absenrios of facilities 
for teaching and research in applied geophysics in any of the Indian univei'sities, institutions and 
Government organisations and the prohahic demand for such specialists in the near future in an 
all-out drive for finding fresh mineral occurrences strongly suggest that, as a subject, geophysical 
prospecting should receive tlie first priority in the proposed Institute. I'his is not to suggest 
that the Institute should limit itself to only geophysical prospecting. 

As a central institution for geophysical research, it will have in course of time, to organise 
research, and if necM ai ises, training in other branclies of geophysics, c.p., meteorology, torrestria! 
magnetism, atmospheric electricity, seismology, etc., for which separate plans may be drawn up. 


II. SCOPE OF GEOPHYSICS. 

The science of geophysics, as the name implies, is the study of the physical properties of tlie 
earth and is as old as the science of physics itself. Geophysics is a part of what has now come to 
be recognised as tho Earth Sciences which includes geograi>hy, geology, geode,sy, geaphysio,s and 
geochemistry. In the broadest sense, geophysics comprises the study of physical piienomena 
occurring in all parts of the Earth from all possible angles. Under geophysics, the following 
sciences arc included :— 

Meteorology ; Seismology ; Gravitation and Isostasy * icrrestriaJ Magnetism ; Dceaiiogtaphy 
Volcanology ; Hydrology ; Teirestrial and Atmospheric Electricity ; and Exploration 
Goophyaics. 
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Some of these divisions snch as meteorology, seismology and terrestrial magnetism have been 
organised early and are of long standing, owing particularly to the Government interest in these 
scienods. The necessity of weather forecasting which has assumed greater importance with tlie 
advent of aerial navigation on a world scale has led to the establishment and expansion of the 
meteorological departments in all civilised countries. Seismological laboratories are now asso¬ 
ciated with the geological, meteorological, mining and engineering departments. Problems of 
safe navigation, tides and ocean currents and the sea as the source of food and economic materials 
liave been responsible for the development of oceanography in which the governments of the 
sea-girt countries like England, Denmark, U. S. A. have come to take increasing interest during 
recent year-s. Other divisions such as hydrology and exploration geophysics are of comparatively 
recent development. In the subsequent discussion we shall confine our attention mainly to 
Exploration Geophysics. 

(i) Exploration G&ophysics ,—Exploration Geophysics is the application of the science pf geo¬ 
physics to supplement geological exploration and as such aims at locating underground geological 
structures vand hidden mineral deposits by measurement of physical quantities on the earth s 
surface. The crust of the earth as is now well known, does not consist of uniform and homo¬ 
geneous composition of rocks throughout; the composition and characteristics of the crust vary 
from place to place, and local concentration and distribution of ore bodies and mineral deposits 
have taken place in an irregular manner by complicated processes of geological evolution yet 
imperfectly understood. This variation and want of uniformity in rock composition provide 
the key-stone to all geophysical exploration. “ The geophysicist ”, as Profesor A. S. Keys 
writes “ can only detect a discontinuity, where one region differs sufficiently from another. This 
is, however, a universal limitation, for man cannot perceive that which is homogeneous in nature, 
he can only discern that whicli has some variation with time or in space. Complete stagnation 
in time and space is to us inseparat)le from non-existence”. As a matter of fact, geophysical 
methods seldom locate mineral deposits directly; they measure anomalies on the surface of the 
earth, which have been correlated with sub-surfaco geological structures favourable for concen¬ 
tration of certain minerals, and therefore, indirectly suggest the occurronco of mineral deposits. 
For instance, the pronounced minimum over a region when the results of gravity survey are 
plotted has been found to be associated with salt domes concealing an oil pool in the flanks. A 
sudden increase in the vortical or horizontal intensity in the magnetic field, known as magnetic 
highs, is often successful in pointing to the existence of magnetic ore bodies such as the pyrrhotite- 
nickei deposits in the Sudbery district of Ontario. In certain oases, correlation of anomalies in 
physical properties with certain types of minerals has been successful; but in many others, such 
measurements fail to give any indication other than of very general geological nature quite un¬ 
related to any mineral occurrence. 

The first application of geophysics to exploration practices coincided roughly with the 
World War I. The military urgency of detecting sub-marines, hostile aeroplanes during night 
and in adverse weather, and of locating enemy guns led to the development of sub-marine 
detectors, direction finders and sound rangers. It was argued that if hidden sub-marines, 
aircraft moving under cover of darkness and distant guns in enemy territories could bo 
located accurately by physical methods, the^e was no reason why buried mineral deposits and 
underground geological features would not respond to physical methods of location. 

The principal urge for the development of exploration geophysics, however, came from the 
disquieting prospect of an early depletion in the reserve for mineral oils. Earlier methods of 
finding oil liy wildcatting, from oil seepages, oven geological methods, including stratigraphy, 
paleontology, sodirncntaiy i>otrology, gcomorpliology, etc., showed increasing signs of failure 
to discover new sources of oil. Geophysical methods readily appealed to cutcrpiising oil ex¬ 
plorers, and field applications followed, at first hesitantly in isolated instances and soon as .a 
regular routine programme on an organised scale. During 1937-40, geojffiysical methods were 
reported to have discovered oil at the rate of 300,000 barrels for each dry hole as against the 
average of about 180,000 barrels during the whole life of the American petroleum iudiistry. The 
much improved position of the oil industry in America to-day, duo to fresh disc^overv of new oil 
beds, has been summarised liy Dr. Jakosky as follows : 

“ The estimated proved oil reserves in the United States are considerably in excess of those 
known fifteen years ago in spite of the fact that more petroleum has beoTi produced 
than was previously assumed to exist. An estimated total of about 38,000 million 
barrels of oil have been discoverer! (1938) of which about 21,000 million hari els have 
been produced, leaving 17,000 million barrels in the ground as proved oil reserves. 
It is probable that many new fields will be found to augment this supply materially. 
Exploration geophysics has played an important part in tho discoveries of the last 
fifteen years, and it will be only by the improvement of present methods or the deve¬ 
lopment of new methods that the recent fast rate of discovery can be maintained.” 
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(ii) Methods of Oeophysieal Prospecting. —A brief reference to some of the important methods 
and their fiehis of applicability in mineral prospecting as well as in elucidating general geological 
layout may be attempted. The various methods now widely employed have been, for’conveni¬ 
ence, divided into two broad classes, i.o., major geophysical tnothods and minor geophysical 
methods. The former include gravitational, magnetic, seismic and electrical methods. Under 
the latter, elastic properties, thermal forces, and radiation.s from radio-active bodies have been 
used for mining, engineering and military purposes. Two tables (Tables I and II), duo to Prof. 
C. A. Heilaiid, of the Colorado School of Mines, are reproduced from his treatise on “ Geophysical 
Exploration”. The fields of applicability of the geophysical methods are clearly indicated. 

From a careful analysis of this Table I, it would appear that the major fields are (1) oil pros¬ 
pecting, (2) mining for mineral deposits, and (3) engineering problems. By far the greatest and 
most successful apjilication of geophysical methods has, however, taken place in oil exploration. 
In mining, the success of a geophysical survey is not so conspicuous, but the highly encouraging 
results obtained in locating placer deposits of gold, sulphide veins, bedded deposits of coal and 
lignite, and many others leave no doubt as to the great promise.geophysical methods hold for 
mining practices as well. It is only very recently that the significance of geophysics in engineer¬ 
ing problems has been properly realised. Until the advent of applied geophysics, there was no 
certain method of adequately grappling with engineering prohlents connected with dam founda¬ 
tion and location of water and construction matet ials. 

(iii) Oil Prospecting. —All the four major geophysical methods have been employed in explora¬ 
tion for oil. As it has already been sugge.stcd, the purpose of geophysical prospecting is not to 
locate oil directly—it has not been so far possible to do so, but to study sub-soil structural fea¬ 
tures most favourable for the accumukation of oil. Depending on the nature of this buried 
structure, each method has its own limitations and advantages, and before a3i appraisal of the 
merits of different methods is attempted, it would he advisable to briefly refer to the geology of 
oil formatvoir and accumulation. The foltovwn'g table (Table III) records the equitability of the 
varfnus methods for different types of oil-bearing structures such as anticlines, faults, buried 
ridge, salt-frums, butioular aud volcanic insti'usions. 

Ekctricol Wdl-Logging. —From a perusal of the above one would notice the striking absence 
of the applioat ion of olootrical methods. It is true that, compared with the magnetic, the gravi¬ 
metric and the seismic methods of survey, electrical im^thods have received far too little use in oil 
exploration. There is one direction, however, in which the electrical modliod has proved highly 
successful. We refer to the method of electrical well loggin.g. This method has been developed 
principally by two French brothers, C. and M. iSchhimberger and was first tried in the Pechodbron 
field in France in 1929. Later, electrical well logging method was extensively used in the U. S. 
S. R., U. S. A., Rumania, Venezuela and other oil producing countries. 

In spite of this knowledge and great progress in exploratioii geophysics, application of the 
host method for a certain typo of investigation is often limited by other factors, of which the most 
important are terrain oonditions, cost and time. The selection of methods is often strongly 
determined by the terrain conditions. Until recently inagnetomcter. gravimeter and torsion 
balance could not be used in a swampy or water-logged area, although it was felt that their 
use would lead to highly important results. Further rugged topograpliy, adver.se siii'face geolo.gio 
conditions, such as heterogeneous glacial beds, ignoon.s and metamorphio rocks, seriously inter¬ 
fere with the work of torsion balance and ma,gnotomotor8. In thi.s respect soi.smie methods enjoy 
mnoh greater freedom and are mostly unaffected by such .adverse conditions. Considerations 
of .secrecy and necessary permits often limit the application of seismic methods, whereas the neat 
and compact magnetometers and gr,avimotcrs mounted on specially designed tracks ii.sunlly 
involve no such dilheulties. Cost and time ai'O two other important factors which ])lay an 
important part in the decision of a .geophy.sieal undertaking. Geophysical exploration is .siwavs 
a costly undertalcing, and unless the prospect of a positive result is more or less as.sin-ed, jiros- 
peeting comp.anies think twice before embarking upon a gcophy.sic.al progra7ume. Considerations 
of competition, limited period of leases, etc., often make time an imiiortant factor. 

Cost of geophysical methods. —In view of the importance of cost in geojihysical prospecting, it 
will be of interest to eonsidor the cost in some detail. The cost of geophysical surveys varies 
between wide limits, as it depends on (i) the method used, (ii) terrain and other conditions limiting 
speed of operation, (iii) equipment and personnel of crew, (iv) the detail with which an area is 
sought to be surveyed, etc.. Table, IV, reproeluced from Prof. .Jakosky’s book “ Exploration 
Geophysics”, gives some idea of the approximate cost involved in geophysical prospecting. A 
magnetic party thus appears to bo the chcape.st of all methods. This is one of the i-cason.s of 
its wide application in reconnaissance surve,y. A seismic party is most expensive, and this ex¬ 
pense is justified by the detailed and more specific nature of information guaranteed in this 
method. A gravity party is usually very quick in action, as it can cover several hundred square 
miles per month, whereas a seismic party cannot even tackle a few square >niloa in course of a 
month. This also introduces great difference in the final oost of survey per unit area covered. 
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faults , foundation and highway 
problems. 
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Table IT. 


Minor Ge(yphysical Method^. 



Methods. 

Pield. 

Application. 

Utilising clastif; pro¬ 
perties. 

Acoustic . 

Mining, Civil Rngi- 
nooring. 

Mine safety ; pipe leak 
detection. 



Military Engineering . 

Sapper, submarine 

air-plane detection; 
sound ranging. 



Navigation 

Echo depth sounding; 
iceberg location. 


Dynamic vibration 

tests. 

Structural; Civil Engi*, 
nccring. 

Earthquake and vibra. 
tion, damage te.sta of 
buildings, ground 

and road beds. 


Strain gauging . 

Mining, Civil Engineer- 
ing. 

Mine Safety Tests of 
structures. 

utilising thermal effects 

Geothermal 

Oil exploration . 

1 

Structural correlation of 
wells; cementation 

problems. 


Thermal detection 

1 Military Navigation . 

Airplane location; Ice¬ 
berg location. 

Gas detection 


Oil mining ; Military j 
Civil Engineering. 

Location of oil (?); Mine 
safety: Poisonous 

gases; Gas leaks. 

Radioactive measure¬ 
ments. 

.... 

Mining; Oil 

Radioactive ores; ^’ell 
logging. 


Table III. 


Structures. 

Choice of Geophysical Methods for 

Reconnaissance. 

Details. 

Anticlines, Domes, etc. 

Magnetic, Oravimet-er, Refraction 
Seismic. 

Reflection Seismic, Torsion 
Balance. 

Faults 

Reflection Seismic, Torsion Bal- ' 
ance, Magnetic, Refraction Seis¬ 
mic. i 

1 

Reflection Seismic, Torsion 
Balance. 

Buried Ridge .... 

Magnetic, Pendulum, Gravimeter, 
Reflection Seismic. 

Torsion Balance, Reflection 
Seismic. 

Salt Domes or Anticlines 

Gravimeter ) . , 

Torsion Balance , deep domes 

Refraction Seismic (domes within 
5,000 feet). 

Torsion Balance, Reflection 
Seismic. 

Lenticular .... 



Volcanic Intrusion, Dikes, etc. 

Magnetic ..... 

Torsion Balance, Reflection 
Seismic. 
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Table IV. 


Method. 

Cost per month 
(in dollars). 

Magnetic 

. . 





500—700 

Gravitational (Gravimeter) 






3,000—5,000 

Gravitational (Torsion Balance) 

• 





3,500—4,500 

Electrical .... 






3,000—5,000 

Geochemical .... 






3,000—6,000 

Reflection Seismic . 

• 





^6,000—11,000 

Refraction Seismic . 

. 


. 



6,000—15,000 

Slim-hole Drilling 

• 


• 



0-26 to 1'75 
per foot of hole 
drilled. 


Diispite the cost factor, geophymeal inethods today constitute ati iiitcigral and indisjuuisable 
part in the progranune of proRpecting for oi! by any company. It lias boon estimated that tho 
oil industry in the U. S. A. spends between 15 and 20 niiHion dollars annually for geophysical 
work, including I'csearcli in the laboratory and field work. 

(iv) Mining for Mimml De.podls .—The mining industry, unlike tire oil industry, has inado 
so far not niucli use of the geojihysieal nndliods for the location of mineral deposits. (Several 
oansfis are r(‘a()onsible for tfiis lack of InteT'est, Mining exploration preHtmts problems ijuite 
different from those involved in prosp(H:ting for oils. Unlike oil whi(!h occurs over extensive 
areas, most mineral bodies are deposited in small sizers of intensive local concentrations, in the 
form of veins, lodes, and dikes, or of placer, disseminated, and bedded deposits. The geidogy 
of rocks containing or'e Irodies is also hvr tnore complex than the oil bearing rocks and structure 
and requires closer and more thorough coi'relatioii with geopliysical data. The small size of 
the de[)osits imposes depth limitation on most of the goophy8i(;al methods. Further, so far the 
needs of the world market have been mot by ores available over the surface or within small depths 
of the. crust but with the growing depletion of such deposits, due to increasing use of metals, 
efforts arc sure to be directed to pliysioal methods of loe.ating such ores within greatci- depths of 
the crust. Seismic methods which are usually capable of revealing greater details of underground 
structure and have proved highlv successful in oil prospecting have little application in mining 
exploration. Tho comparatively rugged terrain of mining districts is anothcj- deterrent upon 
geophysical methods. In view' of these factors, the cost of geophysical exploration in mining 
is often considerably greater than that involved in oil, and for most mining companies this cost 
assumes prohibitive proportions. 

Despite these limitations, geophysics lias been applied, with increasing success, for mining 
purposes during recent years. The princip.al utility of such application, however, lies in [ireli- 
minary evaluation of prospects. Favourable magnetic and electrical properties of the majority 
of ore bodies have made tho magnetic and electrical methods an obvious choice. Theoretically, 
however, gravity surveys, by means of torsion balance in particular, offer reasonable possibilities, 
but the terrain characteristics often forbid such surveys. Seismic surveys, though loss important, 
have sometimes been snocessfully used in determining thickness of over-burden and bed-rock 
contours. The various minerals which have so far responded to geophysical methods of explora¬ 
tion include gold, aluminium, manganese, nickel, chromium, mercury, tungsten, coal, lignite and 
many others. 

(v) Erujinmring various engiiieeriug problems connectedwith the location of 

water tables, selection of dam-sites, the dotenninatioii of foundation conditions in highway and 
rail road construction, detection of corrosion and leakage in gas and water and many others far 
too numerous to mention offer the third major field of application of tho geophysical methods. 
It is also a promising li(ild, but geophysics has scarcely entered this field. A fair amount of 
geophysical work has been carried out on foundation ■ problems arid on the location of water. 
It is needless to emphasize the importance of detailed information about the nature and depth 
of bed-rocks at a place where the oonstniction of adam, an aqueduct , a bridge, or a tunnel is 
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projected. In tlio past, failures of such constructions and fatal accidents arising therefrom were 
I'rcqiicntly due to the selection of faulty sites which could not he ascertained except by geophysical 
sounding. Foundation problom.s can now be very conveniently attacked by geophysical inetliods, 
|)articularly by the seismic refraction and electrical resistivity and poteutial-drop-ratio methods. 
Valuable information on the type of rock encountered in dam, tunnel or similai' sites can bo 
obtained by these methods. In connection with the Damodar Valley Scheme, geophysical 
work on foundation problems at the proposed dain-sites is now reported to be in progress. 

Location of \^ater is another fruitful field of application of geophy.sical methods. But this 
undertaking constitutes perhaps the moat difficult task for a geophysicist inasmuch as it involves 
a thorough and expert knowledge of geology as well. VVatr'r oevurring in the form of saline or 
radio-active springs permits of direct location by electrical or radio-active jnethods. Water in 
prcsimce of salt mines, limestones or dolomites gives rise to a saline solution-which can be detected 
liy resistive, inductive or i-adio methods. Hynclines, trough.s oi' .similar underground striudiiral 
de|)i'essions arc often associated with water. Geophysical methods ai'c quite succe.ssful in locating 
those .sti'uctLirc.s. Thus torsion balance has b(-eii applied to water-bearing gravel (hannels, 
inagnetoiucler to igneous ami metamorphie rocks containing water, and seismio and gravitational 
methods for locating lateral faults wliich m.ay favour the local accumulation of water. 

III. GEOPHYSICS IN FOREIGN COUNTRIES. 

(i). Oeopli.ydcfi in lha U. S. A. —Geophysical prospecting methods in the U. S. A. hav(5 been 
vc'i’y largely developed by big mining corporations and oil eojnpanios like the Standard Oil Com- 
liaay, the Gulf Ilescarch and Oevclopnicrit Gompany interested in the coinmci'inal value of the 
earth’s deposits. These companies generally keep the knowledge to themselves ; but during 
the present war some of the metluids developed by them had to be placed at the disposal of the 
Army and the Navy for dctei-mining gcnci'al subterranean conditions for local ioir of sti-atcgic 
materials, enemy mines, etc. It is fairly certain that after the war the commercial mining orga¬ 
nisation will again as.suino supicmacy in inatUm of geo])hysical })rospei;ting. In the U. S. A. 
public! opinion is at pr(!B(!ut voi'y (;ritii!al about the- activities of those concerns, and it is widely 
suggested that the Government should organise and undertake geophysical prospecting for con- 
.scu’vation and proper use; of minerals on a national basis and exc'i’t grcat(!i' ijonti'ol on the [trivate 
c orporations. 

In the U. S. A. work in g('opliysic!.'il work is at prcscuit carried out by :— 

Federal Agoii(!ieM, 

Geophysical Laboratoric.s attached to the Uiuversities and Technological Institutes, 
i’l-ivatc! [lesc!arch Institutions, 

llcsearch Laboratories of Private' Commercial Organisations, 

Geophysical Societies. 

Fi'fknil Agencieti. —'riu- Federal Agencies responsible fipr goophysieiil work iiielude the Gen. 
logical Survey, tlic! Bureau of Mines, Weather Bureau, the U. S. Coast and Geodetic Sui'vey of 
the Ileparliiif'nt of Coiiiinerec', the Army Kngureers and the Soil Consei-vation Sc'rviee. 

Ocophi/sical Laboratories allachcrt to Unin rsitics mid Tcchnoloijual InsUlutes. —Several Univer'- 
,sitic.s encourage the study of and researiph in geophysics. Mcintion may bo made, of the 
Universities of Washington at Seattle, Minnesota and St. Louis. The. institute of Geophysical 
Technology of the St. Louis University has been roceiitly (1944) organised under Dr. James B. 
Macclwaiio and is reported to be a very well equipped institute. The Institute has curriculum 
in :— 

1. Petroleum Geophysics, 

2. Mining Geophysics, 

Seismological Engineering, 

4. Geological Engineering, 

.'). Professional Meteorology, 

(). Applied Eloctrojiics, 

7. Communication Engineering. 

The Massachusetts Institut(! of Tcelinology has a Geophy.sicul Section. A similar section 
has also been provided in the, California Institute of Technology, under Dr. Gutenberg !!ho has 
specialised in seismology. 

Private Itesearch Instibdwiis.—A number of «'cll-e()uipped private, institutions are carrying 
on excellent work in geophysics. The Department of Terrestrial Magnetism of the Carnegie 



Institution of Washington which carries on extensive work on Geomagnetism and on the Iono¬ 
sphere is a notable example. The Colorado School of Mines at Denver maintains a Department of 
Geophysics under Dr. C. A. Heiland who is a distinguished authority on geophysics and has 
written a well known treatise on Geophysical Prospecting. This is a splendid institution for 
training geophysical engineers and technologists. The Woods Hole Oceanographic Institute at 
La Jolla, Southern California, and the Soripps Institute of Oceanography are the two important 
institutes for study and research in oceanographic problems. Oceanography has recently made 
much progress in the U. S. A., and we understand that an attempt is being made to include courses 
in oceanography in the educational institutions, particularly those situated near the sea boards. 

Research Laboratories and Private Commercial Organisations .—Probably none of the geophysical 
laboratories of the Universities and research institutes, private or official, can compare, in import¬ 
ance or in comprehensiveness and extent of its activity, with the research laboratories of private 
commercial organisations. Most of the oil companies and some radio companies maintain special 
sections on geophysics in their research laboratories. The Indian Scientific Mission visited 
the laboratory of the Gulf Research and Development Company at Pittsburg. The Director 
Paul D. Foote was for long a well known worker in atomic physics in the Bureau of Standards 
and has gathered round him a batch of noted workers such as Dr. Eckhard, Dr. Nettleton (author 
of Geophysical Prospecting for Oil) and Dr. Muskat, the hydrodynamist (flow of liquids through 
sands). The annual budget of this laboratory of research and exploration is nearly 6 million 
dollars or about 1-7 crores of rupees. 

The Gulf Research and Development t'ompany had recently discovered with the aid of gco- 
physi(!al methods an extensive oil field in Saudi Arabia, which is said to contain more oil than the 
two American continents. Th<s area has been found to be so rich in oil deposit that every acre 
can have a well capable of producing 10,000 barrels a day for 80 years. Plans for building a 
long pipe line to link this field with the Mediterranean on the one hand and the Persian Gulf on 
the other are said to have been completed. 

Geophysical Societies .—The recent growth of a number of specialist societies for the promotion 
of geophysical studies is a clear indication of the great importance this branch of science has 
attained in the U. S. A. The American Geophysical Union H. Q., established in 1919, with 
about 1,900 metnbers, is perhaps the principal organisation. Sponsored by the National Academy 
of Sciences through the National Research Council, the Union acts as a clearing house for new 
thoughts and ideas relating to geophysics. The executive committee of the Union is the com¬ 
mittee on geophysics of the Council and is the American Committee of the International Union 
of Geodesy and Geophysics. The functions of the Union are ‘ to promote the study of problems 
oonoorned with the figure and physios of the earth, initiate and co-ordinate reseai'ehes which 
depend on international and national co-operation, and to provide for their scientific discussion 
and publicatioti’. 

The Society of Exploration Geophysics (Post Box fiOt,).') Houston, Texas) came into existence 
in 1930 and has now become an active society with nearly 1200 members. It }>ub]ishcs n quar¬ 
terly journal. Geophysics, originally the Journal of the Society of Petroleum Geophysicists'. The 
Society holds annual meetings at leading cities. 

The American Institute of Mining and Metallurgical Engineers (29 West 39th Street, New 
York 18, N, Y.) has a geophysical section and publishes a journal on geophysics. 

(ii) Oe.ophysir.s in Great Britain .—The application of geophysics to prospecting for minerals 
has not received much attention in England owing largely to the smallness of the area. Recently, 
however, some oil companies arc reported to have started geophysical prospecting with varying 
degrees of success. The D’Arcy Exploration Clompany (subsidiary of the Anglo-lranian Oil 
Company Ltd,), for instance, has succeeded in stiiking a inimher of new sources of oil in Great 
Britain, of which a short account appeared in Nature, May 12, 1945. The Company has been 
in active operation for nearly tim years and has proved five oil fields and two areas of natural 
gas ; the 243 wells sunk in these areas produced a total of 337,000 tons of mineral oils up to the 
end of 1944. The crude oil, with specific gravity ranging from 0-83 to 0-89, is reported to be of 
good (|uality, yielding good light and lubricating fractions. 

Oil fields have been discovered iq the neighbourhood of Newark, Duke’s Wood, Caunton 
and Kelham Hills, Formby, Nottinghamshin' and other places. Besides, the existence of a 
jiumber of gas-fields has been proved at Airlaby in Eskdale, North Yorkshire, and at CousJand 
near Dalkeith, Scotland. I’he Nottinghamshire oil fields were discovered as a result of intensive 
geophysical work carried by the staff' of the Auglo-Iranian Oil Company. Of the various geo¬ 
physical methods applied, seismic refraction surveys, gravity and magnetometer methods have 
yielded highly useful results. The presence of a number of structural height in extensive areas 
in eastern Nottinghamshire and in Lincolnshire has been proved by these investigations and 
verified, in some cases, by actual drilling. 
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Furthermore, these investigations have resulted in the collection of new and important geo¬ 
logical information on the stratigraphy’and structure of the carboniferous rooks below the Permian 
unconformity. In addition to mineral oils, these surveys based on geophysical methods have 
led to the discovery of coal seams of significant thickness at Spital, Diinston, and Stixwould, of 
potash salts of Permian age in Eksdale, North Yorkshire, and also sylvite and polypalite deposits. 

ONLY SOME TEN YEAES AGO. THE GEOLOGISTS OF GREAT BRITAIN GENE¬ 
RALLY BELIEVED IN THE IMPOSSIBILITY OP ANTICIPATING OIL POOLS OF COM¬ 
MERCIAL MAGNITUDE IN ANY KNOWN PART OF THE UNITED KINGDOM. THIS 
CONCLUSION WAS ARRIVED AT AFTER CAREFUL AND INTENSIVE SEARCH FOR 
OIL OVER EVERY INCH OF LAND BY TRADITIONAL GEOLOGICAL METHODS, AND 
EXPLORATION FOR OIL WAS REGARDED AS HOPELESS TASK. THE RESULTS OF 
EXPLORATION FOB OIL BY THE D’ARCY EXPLORATION COMPANY, EMPLOYING 
GEOPHYSICAL METHODS, HAVE SHOWN THAT MERE SURFACE INVESTIGATIONS 
MAY BE WHOLLY MISLEADING. 

Some members of the Indian Science Delegation to the Empire Science Delegation including 
Prof. D. N. Wadia and Prof. M. N. Saha, were enabled through the courtesy of the Burinah Oil 
Company to pay visits to the Gravity Observation Stations at Cirencester, in the Cotswolds, 
Oxfordshire. We saw a Frost Gravimeter carried in an observatory on van in working, noting 
small gravity differences, arising from composition, structural disposition and folding of rocks at 
different depths. It could take 8-10 readings of gravity from different stations, situated around a 
central check station, in a few hours. The observations and computations were rapid, taking 
only a few minutes. The merits of the Frost Gravimeter are its compact size, simple construc¬ 
tion, portability and ease of lowering and grounding the instrument from the van on to the 
road surface. The recording of gravity obtained at each selected observation point has to be 
checked with that at the original station. The reading at each station has first to bo corrected 
for relative height differences, even if these amount to a few feet, apart from topographical relief, 
so that accurate determination of height, correct up to one foot, forms a problem as important 
as the determination of value of gravity correct up to a milligal. When all topographic and 
relative altitude corrections are applied, readings of the Frost Gravimeter can be accurate to 
1/10 of a milligal (for most purposes, the readings required are only up to 1 milligal accuracy). 
These minor relative height differences need not be taken into account w hen only milligal 
readings are required. Dr. P. Evans kindly explained to us the basic geological data to which 
the gravity values form 4 supplement. 

Demonstration of a captured German Gravimeter at the Offices of the A nglo-lndian Oil Company ,— 
This instrument was shown to us by Prof. A. 0. Rankine, obviously of much more elaborate and 
complicated construction, provided with various devices for checking interference from outside 
factors ; but it does not claim any greater efficiency or .accuracy. Its principle was similar to 
the Frost Gravimeter and its portability was as easy. The Germans were said to have used it on 
a very large scale for the gravity survey of Germ,any, which and other investigations led, during 
the war, to the discovery of several oil fields in W'estern Gonuany, bordering Holland, producing 
nearly a million tons. 

Visit to th\ Eakring oil field — 20 miles from Newark, Nollinghamshire.. —I’his is the most pro¬ 
ductive of the four new oil-fields recently brought into produution in England. Their discovery 
was based solely on exploration of underground structures by gravity determination and their 
mapping l)y seismic reflection and refraction methods. 

The productive oil horizon lies just below the Upper Garboniferous coal nioasurcs, overlying 
the Carboniferous limestone beds and Millstone grit. The actual reservoir-rock is a thin group 
of millstone grit beds. It is over 2,(I(X) ft. iii depth below the surface composed of horizonta 
Triasaio strata. Though the beds of Millstone grit form the reservoir-rocks from whicli all the 
Eakring oil is obtained, there is some doubt as to the actual source of the oil—whether it has not 
come by migration from some older Palaeozoic strata below. The structure, as revealed by 
seismic refraction mapping, is that of a low flat anticline, in the. crest of which there are saturated 
pockets of Millstone grit (here a rather coarse and porous sjnidstone of variable thickness). There 
is but little of gas associated with the petroleum in this field and hence there are no ‘ gushers ’ 
but all the oil has to be pumped. The petroleum is of good quality, rich in the lighter fractions. 
There are over 200 wells drilled on the Eakring anticline which produce, in the aggregate, about 
100 tons of oil per day. The capacity of this field, however, Igis passed its peak and is slowly 
on the decline. It has produced over 300,000 tons of oil during war years. Further drilling is 
in progress to test deeper horizons. 

Though indications of the presence of petroleum was well known in this and adjoining areas 
in Nottinghamshire (in small spi ings and seapages of oil, associated with the coal measures and 
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■surfaee lockB), the geological structure of the area, hiilden under the Upper-carboiiiferous-'l’cr- 
mian uneonfonnity was not considered favourable and no serious oil prospecting was done. Oeo- 
physical methods revealed the unconformity and the structure contours of the favourable anti¬ 
cline underlying it and the flat and featureless Triassic rocks of the area. The Eakring field is 
thus entirely the result of geophysical proBxiecting earned out by the Anglo-lranian Oil Company 
■under the direction of G. M. Lees. 

Seismic refra-ction survey of the Formby oil-field, Liverpool, —Prof. Rankin of the Anglo-lranian 
Oil Company conducted a visit to this interesting field where some 8 tons of seapage oil a week 
flows out from pools ^ the surface, but whose source-rocks, or their structure, are hitherto not 
located. The rocks here are Upper-Triassic marls and sandstones, overlying Carboniferous beds, 
covered at the surface under the peaty aluvium of the Mersey. A blast charge of 480 lbs. of 
■dynamite was exploded in a 6" bore-hole, siiecially drilled to a depth of 120 ft. The ground 
waves following the explosion were detected by six geophones, planted equidistantly along 
radii, 6 miles away from the charge. These were coimected independently to a recording Oberva- 
tion Van equipped with suitable apparatus. More or less clear soismographic recordings were 
obtained from each of the six deteotors, which were developed automatically in the Van and were 
ready for inspection in a few minutes. 

The refracted seismic waves, travelling back from an underground rock-surface, differing 
in composition, density and structure from the suiTOimding surface-rocks, would give some indi¬ 
cation regarding its depth, contours and structural disposition. The interpretation of such 
seismographic iccordB, howevei-, is a matter which needs extreme care and accuracy. 

'I'he eliminations of accidental ground vibrations at the series of geophones, at the time of 
exploding the charge, miles away from them, entails an elaborate system of radio-signalling and 
telephoning between them, the Observation Van and the station Van exploding the charge. 

(Hi). Possible Geophysical Researches in Southern Africa. —(A) Seismology.-~~'Four vertical 
Benioff seismometers have been ordered, to be sited at Pretoria, Pietermaritzburg, Bloemfontein, 
'Grahamstown, 

1. to contribute to the International network, 

2. to locate local earthquakes and contribute to crustal structure studies, 

3. to study period, time of arrival relations of the Rayleigh waves for African, Indian Ocean 

and Atlantic paths. 

Even including these instruments, it is considered that Africa as a whole has an inadequate 
number of seismograph stations. 

(B) Earth tremors (due to mining) occur in a small region about Johannesburg, the magnitude 
.occasionally approaches that of minor earthquakes. These are regarded as a valuable source of 
shocks for the investigation of local crustal structure. The following researches are 
contemplated;— 

(1) “ Reflection technique ” to observe deep reflections at small angles of incidence on a 

group of centrally recording seismometers with small spacing, in order to identity 
reflections by their high apparent velocity. The recording mechanism will be ‘ trig¬ 
gered ’ by the initial waves of the tremor. 

(2) “ Refraction technique ” to obtain travel-time curves for South Africa up to 600 miles 

from the focus. A Radio trigger technique may be used to start the recording, operat¬ 
ing from the network (3) below, which will also locate focus and time of origioii. A 
group of spaced instruments, recording centrally at high speed, is contemplated for 
the field station(8), again to facilitate the identification of phases by comparison 
of apparent velocities. 

(3) A local network of stations is planned, each to transmit the oscilliations to a central 

recording station by radio. The records will be momentarily preserved by recording 
on magnetic tape so as to allow the high speed, intermittently recording equipment 
to come into action. 

Considerable scope for valuable electronic techniques is available. Accurate location, and 
study of rock movements and velocity discontinuities are planned. 

(C) The use of spaced hut centrally-recording seismometers is contemplated for recording tele- 
seisms. 

(D) Lightning and Thunderstorm Research, —(1) Photography, and correlated oscillography, 
of lightning flashes. Wave forms of atmospherics. Location of thunderstorms by 0. R. D. P. 
over the whole of Southern Africa might be done with stations in Rhodesia and South Africa 
■only. 

H 
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(2) Theoretical and experimental study of electric effects in thunderclouds. Use of radio¬ 
sondes for determining the potential gradient in clouds, 

(3) Meteorological relations of thunderstorms. 

(4) Observation of thunderclouds by Radar equipment. 

(E) Gravity. —Considerable gravimetric prospecting work has been done in the Southern 
Transvaal and Northern Free State but no linking up to absolute values has been possible. Very 
few absolute determinations have been made and nothing in thd way of a large scale area survey 
has been carried out. The aim of gravimetric work in the Union will be for survey purposes and 
t o resolve both local and continental crustal structure problems. 

(1) It is hoped to prepare a detailed gravity map of the Union (by co-operation of the Univer¬ 
sities and Trignometrical Survey). A limited number of pendulum observations would be made 
to control a much more complete network of gravimeter stations. This work (jould be extended 
to the whole of Southern Africa. 

(2) On account of the cost of gravimeters. cousideTOtion has been given to attempt to manu¬ 
facture them. It is felt that, if instruments could be more cheaply obtained, they would be 
more extensively used for scientific purposes. 

(F) Ages of Rocks. —Considerable difficulty stiU exists in the geological correlation of South 
African rooks. If an organisation and technique could be developed to put an age-label on rock 
samples, it would be of great assistance to the geologist. The mapping of variations in surface 
radioactivity might also bo valuable. 

(G) Earth Heat Problems. —Part of the interest in this subject arises from the problems of 
ultra-deep raining which is planned on the Witw atersrand. For the rest the problem is tied up 
with the radioactivity and structure of deep seated rocks. 

Unusually good facilities exist, in the way of numerous deep boreholes, for temperature 
gradient and other determinations, at depth. 

(H) Magnetism. —Apart from cartographical requirements, magnetic inve.stigations are 
largely associated with magnetic pro.spccting nmthods, which have been extensively used in the 
milling regions, 

A problem of the reversed magnetisation of rocks reejuires investigation. 

Interest has been evidently in the possibility of using M. A. U. type equipment for rapid 
magnetic surveys. 

(iv) Geophy.ncs in Canada .—The geophysical pro.spccting methods also form a course of regular 
instruction and research in the Camulian Universities of Toronto and the McGill Univensity, 
Montreal. Ordinary methods of geological iiivcsi.igations arc of no avail for the major areas of 
Canada which arc covered with perpetual snow withholding from view all surface indications. 
Ordinary surfece geological prospecting h.as therefore to be replaced by Geophy.sical methods. 
Over 30 years ago, l)i’. Gilolirist of the University of Toronto developed magnetic exploration 
method which was particularly suitable for the location of bodies of iron and other magnetic 
ores. Quite, recently a rich iron oi-c deposit was discovered by the use of this method in .snow¬ 
bound I.abrador, 

'The McGill University has particularly developed the electrical method of prospecting. 
Study in this direction was first started by Prof. A. S. Eve, successor of Lord Rutherford, whoso 
book on “ Applied Geophysics ” is well known. 

IV. GEOPHYSICAL PROSPECTING IN INDIA. 

Tiiere i.s a great scope for ilie application of geophysical methods to the exploration for oil 
and mineralB in India. vSueh an application has been made, to a very limited extent, by foreign 
oil and mining coiiipanio B and by local bodies, and activities in this direction, on a .small scale, 
are still in progress. For in.stiincc, the Biirmah Oil Compiany has engaged nt different times well 
known foreign geological firms which have carried out electrical, seismic and gravity surveys. 
Geophysical prospecting, in a similar w'ay, has also been conducted by the Attock Oil Company. 
It is known that hundred,-', of thousands of square miles have been surveyed geophysically at an 
expenditure of severer lakhs of rupees. 

As early as 1923, on behalf of the Burmah Oil Company Limited, Dr. Pekar and Mr. Renner 
of the Eotvos Institute of Budapest carried out a torsion balance survey at an alluvial area and 
confirmed the presence of an anticline. This is reported to be the first torsion balance survey in 
India, and similar surveys were undertaken in 192.0, and later, more sj'stematically, in different 
areas. An electrical resistivity .survey carried out at Uigboi in 1936 snccessfully located part of 
an anticline bvniod under recent alluvial dej)Osits. In 19,38, a seismic survey was undertaken in 
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Assam, but no siicoess was reported. The electrical well-logging method has been employetl in 
the oil-fields of India and Burma for many years and it has almost become a standard practice. 

Before the war, the Burmah Oil Company planned ‘ to make a thorough and complete geo¬ 
physical survey of all parts of India and Burma in which there might be any hope of finding oil, 
but which could not, because of the recent alluvial deposits, be successfully explored by classical 
geophysical methods ’. The company was able to enlist the services of many able geophysicists in 
the employment of such well known companies as the Shell Group and the Anglo-Iranian Oil 
Company and had also the co-operation of the well known Petty Geophysical Engineering Com¬ 
pany of America. The organisation, under the immediate direction of Mr. D, R. Brown, consisted 
of seventeen parties made up of 81 qualified men. Torsion balances were first used, and gravi¬ 
meter surveys, using Holweek, Ising and Thj'ssen types, were undertaken soon after. The 
Petty Company was entrusted with the work of seismic survey. The work of the organisation 
proceeded well, hut it was out short by the outbreak of the war. The Government of India 
wanted the oil companies to concentrate on intensive production of oil from the known fields and 
ruled that no prospecting work should be carried out unless there was a good chance of oil being 
proved and refined products made available within three years. 

The prospecting party was in operation for a little over two years. ‘ Geophysical observations 
were made at more than 22,000 stations, rather piorc than two-thirds of these being in India, 
and the remainder in Burma. The total area surveyed, partly in reconnaissance and partly in 
detail, amounted to about 330,000 square miles, of which about a quarter of a million square 
mile.s wore in India ; the total cost was 45 lakhs of rupees. ’ 

Some of the progressive Indian States such as Mysore, Travauoore and Gwalior also dnim 
to have applied geophysical methods for purposes of survey and mineral exploration. The Geo¬ 
logical Department of Mysore has carried out several electrical surveys on sulphide ores and 
graphite deposits and has determined the depths of water-table in a number of instances. The 
Governments of Travanoore and Gwalior are said to be using magnetic methods in their ('.Nplora- 
tions for magnetic ore bodies. 

Recently the Survey of India and the Geological Survey have shown certain amount of in¬ 
terest in geophysical methods of prospecting. Mr. B. L. Gulatee of the Survey of India, under 
request from the Geological Survey carried out geophysical prospecting for hidden deposits of 
manganese ores in the alluvial area of Parsoda in the Central Provinces. The deposits of nian- 
ganese ores buried completely under thick deposit of alluvium, were located by gravity methods. 
The Geological Survey of India has recently employed Dr. Dessau an Italian Geophysicist and 
is at present deeply interested in the application of geophysical methods to the probleim 
connected with water supply and testing of dam foundation rocks which may lie buried under a 
thick cover of alluvia. 

The geophysical work so far carried out in India has been scrappy and umsystematic, and 
proper organisation needed for such work is nioatty non-existent, or utterly inadequate. Tlie 
vastness and immensity of the scope of geophysical prospecting in this country is refleetod in 
the fact that over half a million square miles lie buried under surface alluvial deposits of late 
geological age. The depth of the alluvial cover in the vast streteh of land from Sind to Assam is 
estimated at about 6,000 ft. under which lie buried the three most economically productive roc;k 
systems of Indian geology, viz., those of Dharwar and Gondwana sj'stoms as also of the Eocene 
ago. 

Examination and survey of such deeply seated mineral dcpo.sits are beyond the scope of surface 
geological surveys; geophysical methods, such as magnetic, gravimetric, seismic and electrical, 
can alone provide reliable techniques for exploration of minerals at such great depths. 

V. THE CENTRAL GEOPHYSICAL INSTITUTE. 

The proposed Central Geophysical Institute, as we have already stated, should (a) train 
annually a number of applied geophysicists, (6) undertake geophysical research, and (c) organise 
regular field parties for prospecting work. 

(i) TRAINING OF OEOPHYSI0IST8 ,—^Applied geophysics is a super-structure built on 
the foundation of physics, geology and mathematics. At present hardly any Indian University 
Or teaching institution turns out graduates simultaneously equipped with fundamental knowledge 
in all these three sciences, e.g., physics, geology and mathematics. Colleges offer gradnste 
courses in physios, mathematics and chemistry, but few in geology. Accordingly, it is fniggested 
that students seeking admission in the Geophysical Institute must have graduated in at least 
any two of these subjects, e.g., physics, geology and mathematics. 

The curriculum in these subjects, as followed in most of the Universities, lays undue emphasis 
on the pure or the theoretical aspect of the subject. This makes it difficult to offer courses in, 

n2 
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i;6ophygics directly to the graduate* of the Indian Universities. Such student* should be required 
to go through a pre-requisite course in physics, mathematics and geology in which emphasis will 
bo laid on such topics as have direct bearing pn applied geophysics. 

It is proposed to offer a three-years’ graduate course and one year’s post-graduate course in 
geophysics. Students who have graduated in physics, geology and mathematics may be ad¬ 
mitted to the Second Year class. It is intended to train two types of graduates (a) Petroleum 
Geophysicists and (b) Mining and Engineering Geophysicists. The students who will success¬ 
fully complete the post-graduate course as well, will be reoognised as Geophysical Technolo¬ 
gists. 

The Graduate Course .—Courses in geology, mathematics, physics and geophysics and their 
distribution over the three years have been fully Indicated in Table V. Pre-requi-site courses 
in geology, physics and mathematics will be offered during the first and the second year, (''ouraes 
in geophysics proper will be introduced at the beginning of the second year and will be imparted 
simultaneously with the pre-requisite courses continued from the first year. In the second year, 
the courses in geophysics tp be taken up will include (a) introduction to geophysical methods and 
(^b) magnetic prospecting. 

Applied geophysics has been utilised mainly for oil exploration and for finding new mineral 
resources and solving engineering problem.s of varied descriptions. Accordingly, it is desiiable 
that the graduates in geophysics should specialise either as petroleum gephysicists or as mining 
and engineering geophysicists. At the beginning of the third year, the students should enrol 
themselves for courses either for petroleum geophysics or for mining and engineering geophysics. 
Those who have taken the former should go through a course in economic geology, petroleum 
geology and sedimentary petrology and will be required to take up gravitational methods of 
prospecting, well-logging, and seismic and acoustic methods of prospecting. Tho.se intending to 
specialise as mining and engineering geophysicists will be required to go through a course in 
economic geology, ore deposits, electrical prospecting and seismic and acoustic methods of pros¬ 
pecting. 

Post-graduate course ,—It is recommended that the Institute should provide for one years 
post-graduate course to the graduates of the Institute, to enable them to qualify as Geophysical 
Technologists. The course of study should include (a) Radio-active prospecting, (6) geothermal 
methods of investigations, and (c) one of (1) gravitational methods of prospecting and (2) elec¬ 
trical prospecting, not previously taken. In addition to these, each student will be recjuired to 
undertake a piece of research work in any of the major geophysical methods and submit a thesis 
paper. 

{ii) RESEARCH AND FIELD INVESTIGATIONS.—The Institute should maintain a 
programme of research and field investigations. It is not possible to lay down in the 
preliminary report the various problems on which geophysical research should be conducted. 
Such programmes can be prepared by geophysical experts after the Institute has come into 
existence. It may, however, be stated that development of instruments and techniques and 
determination of physical properties of Indian rocks of geophysical importance may form 
immediate subjects of investigations. 

Organisation of field parties should take place in collaboration with the Geological Survey, 
the Geodetic Survey and such other interested Government organisations. The field parties will 
be formed out of the research staff and senior students of the Institute. The Institute should also 
cooperate with petroleum, mining and engineering industries and make available such expert 
advice as they will be in need of in matters of geophysical exploration. 

Details of courses, laboratory equipment, staff, etc., are worked out in what follows. 

(iii) COURSES.—An outline of graduate and post-graduate courses in geophysics tcith details 
.of pre-re,guisite courses in geology, mathematics and physics .— 

(a) GEOLOGY. 

First Year. 

Physical Geology .—Study of materials of the lithosphere, the surface features of the earth and 
their origin primary and secondary rock structures; voioanism, earthquakes ; metainorphism ; 
mountains ; the origin, types and distribution of mineral deposits ; fundamental laws and princi¬ 
ples of historical geology. 

Laboratory work with top ographic maps. 

Field Trips. 



Gradvfitt Course.. -Uraduate Co>iis* : 

Qualifying as (a) Petrokum. Geophysicist and (6) Minhig and Engineerhuj Geophysicist. Geophysical Teohnologist- 


93 




94 


Mineralogy. —Description, occurrence, association and uses of about 200 of the more important 
minerals ; elements of crystallography and practice and application of polarised light to the 
study of crystalline minerals ; miscroscopy in mineral analysis. 

Petrology. — Laboratory. —Blow pipe analysis; analysis of minerals by physical properties, 
chemical reagents and the blow-pipe, Origin of the three major rock types—igneous, metamor- 
phic, and sedimentary ; physico-chemical principles involved in crystallisation of magma and 
the equilibrium concept as applied to metamorphic rooks ; special emphasis on typical structures, 
textures, and mineral associations. 

Laboratory work. —Megascopic classifications of representative rock types from individual 
collections. Three independent field trips. 

Historical Geology. (Stratigraphy). — A study of earth’s history ; origin and significance of 
fossils ; methods of co-relation and the changes in relation of land to sea during the various geo¬ 
logical periods ; the character and distribution of the deposits, the oregenic niovements ; the 
igneous activity ; the life and the economic products of each geological period. 

Second Year. 

Historian Geology —(with .special ref. to Indian Geology). 

Elements of Paleontology. —Classification of the. plants and the animal kingdom ; composition 
of the hard parts of organisms fossils and their modes of preservation ; basis of the present 
system of nomenclature and the rules governing the system ; characteristic structures, ecology 
and geologic history of the various phyla of invertebrate animals and plants. 

Structural Geofo 3 ,i/.—Architecture of the earth with particular reference to the majoi' forces 
causing deformation, of the earth’s crust; study of primary and secondary rock strnctui'es such 
as are important in mining ; petroleum production and engineering operations : special refei'ence 
to structurally important regions of India. 

Laboratory.~'Dix> and strike problems, vein, intersections, convergence maps, and cross-sec¬ 
tions ; a brief study of aerial photogr aphy in geological mapping. Two field trips. 

Field Geology.—The following is included : Stratigraphic, structural, petroleum, igneous, 
metamorphic, and mining geology. Field work in these subjects includes : Study and mapping 
of a well-defined, faulted anticline and the cousideratioir of its value as a potential oil field; a 
study of petrology and paleontology of a thick series of sediments ; familiarisation with drilling 
operations ; study and mapping of igneous and met.amorphic rocks, ore deposits and fault sys¬ 
tems in well known raining districts in India. 

Interpretation of Maps. 

Third Year. 

Economic Geology.—A study of industrial luiner.ala and rocks and of the metalliferous deposits 
of economic importance, with special emphasis on those occurring in India. Study of typical 
structural and petrologic relationships of each of the deposits as illustrated by detailed deseription 
of representative districts. 

Ore Deposits. —(To he taken by those intending to specialise in mining geophysics.) 

Laboratory study of representative specimejis and of geological maps and of reports on typical 
mining districts. Study of each mineral product through the statistics of production and price 
changes against the background of world conditions. 

Nature, origins and occurrence of ore deposits ; criteria useful in the recognition of the various 
types of ore dcposit.s ; discussion of the changes in the character of ores with depth and mineral 
associations and alterations ; discussion of any other features likely to be of use in the examination 
of mining prospects. 

Petroleum Geology. —(To be taken by students intending to specialise in petroleum geology.) 

Chemical and physical properties of petroleum ; theories of origins and accumulation of 
petroleum and natural gas ; the reservoir rocks; the types of oil and gas structures ; geology 
of the petroliferous districts of India and of some notable oil producing countries of the world. 

Sedimentary. —(For petroleum geophysiciats.) 

Petrology. —A study of the characteristics of sedimentary rocks. Examination and correla¬ 
tion of samples taken from wells drilled by standard, rotary and core-drill methods ; screen 
analysis ; purity determinations ; grain size measurements. 
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(b) MATHEMATICS. 

First Year. 

Descriptive Geometry and Engineering -Instruction in the use of drawing instruments; 

the basic principles of freehand lettering, certain essential mechanical alphabets; uieehanioail 
■drawing of simple objects ; various applications of the subject. 

Technical sketching and iHonietries; problems relative to the point, right line, and plane ; 
generation of lines and surfaces; practice in the solution of underground mining problems in¬ 
volving faults, intersection of veins, etc.; construction of stereograms ; tangent problems and 
problems involving the intersections and development of surface. 

A Review Course in Calculus.—K review of Calcidns with special emphasis on tbeorv of single 
and multiple integration as applied to the principal methods of rectification and the calculations 
of surface, volume and of solids of revolution ; solutions of numerous problems in areas, volumes, 
centroids and moments of inertia. Simple cases of differerTtial equations. 

A Review Course in Analytical Geometry. 

Purveying. 

Second Year. 

Advanced Calculus. —Power series; partial differentiation, implicit functions; tlie definite 
integral ; gamma, beta, Bessel and elliptie functions; lino, surface and space integials. A 
study of solid analytical geometry and the diff. geo. of space. 

Differential Equations. —Ordinary differential equations with applioations to physics, geo¬ 
physics and engineering problems ; theory and application of partial differential equations to the 
solution of physical (|uestions sucli as free and forced oscillations in meohanioal and elcctrioal 
systems, heat flow, etc. 

Vector Analysis. —An introduction to the algebra and calculus of vectors and their variohs 
scientific and engineering applications. 

Elements of Potential Theory.—The theory of Newtonian potential functions and tlie concept 
of a physical field ; discussion and development of the theorems of Gauss, Green and Stokes and 
their application to geophysics. 

(c) PHYSICS. 

First Year. 

A Review Course of Physics. —^Heat; Light; Electricity and Magnetism ; General properties 
of matter with special emphasis on the principles of Electricity and Magnetism as applied to 
Geophysics. 

Photographic Methods. 

Mathematical Theory of Alternating Currents and jlfea-sarenien-fi'.—Elements of A. C. Oircuits ; 
properties of resistance, capacitance and inductance, combination of these, and relation of volt 
and current; power factor. 

Oscillatory circuits -. resonance, frequence ; iinxHjdaiice and phase relation ; series and parallel 
resonance circuits ; measurements of elements of A. C. Circuits : (a) Bridge methods ; (6) Resonance 
methods. 

Coupled Circuits : elementary theory ;*bonditioiis of maximum power transfer ; some special 
networks (a) resistance attenuators, (6) theory of filters. 

Elements of Radio and Electronics.—Thormionic emission ; theory of vacuum tubes of different 
types ; diodes, triodes and multi-electrode valves ; the cathode ray oscillographs and their uses. 

Second Yeai. 

Elements of Radio and Electronics. —Valves as amplifiers, detectors and oscillators; I. P. 
amplifiers of different types and their characteristics; design of typical amifiifier.s ; measiii'e- 
ments of gains and frequency rcspoiwe of an amplifier. 

Audio and radio frequency oscillators ; valve maintained tuning forks and piezo electric 
oscillators; 

The elementary ideas of propagation of e.m. waves in space and through lines. 
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Simple electro-acoustic devices and their theory. 

Physics of the Earth. —I. Physical Aspects of the various cosmological hypotheses and off 
paleogeography and paleoclimatology; 

II. Description of the constitution and dynamics of the atmosphere and discussion of topica- 
Buch as meteorology, atmospheric electricity, propagatioii of sound etc. 

III. Constitution and dynamics of the hydrosphere, i.e., hydrology and oceanography. 

IV. Constitution and dynamics of the lithosphere ; principles of seismology ; 

V. Force-fields of the Earth :— 

(а) Gravity, 

(б) Electricity and Elastic waves, 

(c) Geomagnetism, 

(d) Geo-electricity and 

(e) Electro-magnetic fields. 


(d) GEOPHYSICS. 

Second Year. 

Introduction to Geophysics. —The introductory course proposes to acquaint the students with 
the purpose and fundamental principles of applied geophysics so as to enable them to select the- 
type of geophysical method for a given geological area. 

Theoretical. —A discussion of the fundamental principles underlying all geophysical methods- 
classification ; description of seismic, gravitational, magnetic and electrical methods of prospect¬ 
ing, In each of the four major heads, following should receive particular consideration (a); 
Properties of rocks and formations and methods of determination ; (b) elementary theory and 
physical principles of instruments ; (c> flehl technique ; (d) corrections ; (c) typical examples of 
application to geologic and economic problems ; (/) elementary discussion of effects measured ; 
g) interpretation of methods. 

Magnetic Prospecting. —Fundamental principles; historical review ; fields of application of 
the magnetic methods. 

Magnetic properties of rocks and minerals ; determination of susceptibilities residual magne¬ 
tism and coercive force ; factors affecting magnetisations of rocks. 

Theory and description of geo-magnetic measuring instruments; Schmidt magnetometerSf 
Hotchki.ss Superdip; Swedish instruments and other prospecting magnetometers; regional 
survey instruments ; observatory instruments. 

Corrections for temperature, diurnal corrections, magnetic variation.s, planetary effects, 
base Variation and eterrain effects; repeat observations. 

Graphical representation of rc.sulf 8 ; qualitative and quantitative inteipretation ; pull and 
lino theory^ induction theory ; model experiments ; underground, aerial and platform surveys ; 

Discussion of results of magnetic surveys in mining oil exploration. 

Laboratory. —Experiments with Schmidt type magnetometers, dip needles and earth inductor ; 
Determination of scale values, magnetic moments and temperature coefficients of Schmidt magne¬ 
tometers and of magnets ; demonstrations of magnetic variation-recording instruments ; deter¬ 
mination of magnetic properties of rocks. 

Pield work. —Regular week-end trips to locahties where pronounced magnetic anomalies on 
a number of proved geological structures are already well known. Students will be required to 
carry a mgnetometric survey and measurements over oil bearing structures as also over those 
associated with mineral deposits, such as magnetic dikes and igneous formations. 

Third Year. 

Gbavitational Methods of Pkospectikg. 

Thtoreiical.—Pa.ng'd of application of the gravity methods; historical review ; densities 
of minerals, rocks and formations, and their determination ; determination of the gravitational 
constant; the gravity compensator and the gravity multiplicator. 

Gravity measuring instruments,—theory and operation; pendulums and gravimeters ; 
theory of motion on firm and moving supports ; instrumental corrections ; corrections for topo¬ 
graphy ; Bouguer reduction ; transmission and reception of radio-time signals ; analytical and 
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graphical inethods for the deteiniinatioli of two and tliree dimensional efft'cts ; demonstration of 
results as r^ted to geology. 

Torsion Balance.~Gexieta.l features of the gravitational ^eld; geometry of equipotontial 
surface of gravity ; theory of single curvature, single gradient, double gradient, and curvature 
variometer; horizontal and vertical gradiometer. Types of instruments ; determinations of 
constants ; aorrection for normal, regional and terrain efiects ; calculation and graphical represen¬ 
tations of results ; theory of two and three dimensional effects; analytical, graphical and plani- 
nieter methods, qualitative and quantitative interpretation ; relaticn of gravilational and 
magnetic anomalies. 

Lahoraiory .— Operation and calibration of gravimeters ; operation of Schweydar Z-type 
torsion balance ; computation of instrumental constants ; changing wire and adjustment of ins¬ 
trument ; recording in three, four and five positions ; computation of the results ; terrain measure¬ 
ments and instructions in terrain corrections, measurements of densities, 

FielJ work .—A field programme of about two weeks for gravitational survey with pendu¬ 
lums gravimeters, and torsion balance, on a pronounced oilbearing structure ; comparison With 
magnetometer results in the same structure. 

ELECTEiCii- Pbospeotino. 

Theoretical .—Application of electrical methods ; history of electiical prospecting ; classifica¬ 
tion electrical properties of rocks; elcetro-chemical effects; metallic and electrolytic condne- 
tion ; determination of resistivity and dielectric constants ; their values for oies, retks and foima- 
tions. 

Self-potential method : equipment, theory, interpretation, result; self-potential of ore 
bodies and its determination. 

A. C. and. D. C. equipotential line and potential profile methods; equipment, procedure, 
effect of geologic bodies ; effects of stratified ground ; model experiments ; results. 

Itesistivity methods : theory of images; procedure, equipment and interpretation, results; 
electrical logging. 

Potential drop-ratio and other potential inethod.s. 

Electromagnetic methods (a) with galvanic power supply and (6) with inductive power supply j 
influence of polarisation of the field, of phase shift, of leads, of topography and of frequency ; 
theory of subterraneous effects; vertical and horizontal loops, end their application in mining 
geology; influence of magnetic pennoability. 

Radio-methods : absorption and reflection of radio waves ; changes in capacity or self-induc¬ 
tion of radio circuits by buried conductive bodies. 

Laboratory .—Determination of resistivities of rocks at different frequencies; measuiement 
of contact resistance of e]ectroc|pa for A. C. and D. C.; model experiments with the Gish-Rooney 
and Racom method ; shape of the normal electrical field and tank experiments with point or 
linear electrodes ; measurement of equipotential lines, of potential profiles and of the electro¬ 
magnetic field components; tank experiments with model ore bodies; determination of theii 
effects on the A, C. and D. C. equipotential, electromagnetic and inductive methods. 

Field Work .—Measurements with the self-potential resistivity, A. C. potential, electrt mag¬ 
netic, and inductive methods to be undertaken as a known ore body in a neighbouring mining 
district. Determination of the thickness of basalt sheets and location of ground water tables. 
Structural studios with potential and inductive methods. 

Seismic Methods of Prospectino. 

Historical Review ; Applications .—Theory of elastic deformations and wave propagation 
elastic properties of rocks ; speed of works, absorptions, specific acoustic resistance. 

< it'opliones, microphones and othey listening devices; determination of sound intensity anc 
direction; selected topics of seismology such as relation of macroseismics and geology ; tiave 
time curve for the earth, etc. 

Seismographs .—Theory and description of seiamographs; classification ; general theory o: 
free and forced, damped and undamped oscillations; the mechanical seismograph ; the electro 
magnetic seismograph; description of station in seismographs ; vibrographs, prospecting seis 
mographs ; photographic recording and time marking methods ; seismograph calibration. 

Methods of Seismic Prospecting : source of energy, energy transmission, periods, transmissioi 
of shot instent; fan shooting method ; refraction and reflection methods; theory of seismii 
propagation path ; practice of interpretation ; resulte of statistics. 
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Lnhomtory,' —Doterminatioi) of pViysical constants of nieohauical and eicctrit al soismogjaplit; 
action of seismographs action of seismographs : on a shaking table ; nieaBiirements of clastic 
moduli of rocks ; W'ork with the standard geopbone. 

Field Work. —Field practice witli various tj’pcs of seismographs on \veek-en<ls, experience 
■with radio and wire transmission, velocity determinations in various formations : te.sts with 
goophones ; comparison of aeisniio data with magnetometer and torsion balance residts. 

Tourth Year. (Post-graduate). 

Radio-Active Vrospecling. —Fundamental princijiles of radio-activity ; elements of atomic 
theory and nuclear physics; radio-active transformations - and radiations; instruments ami 
■methods used for measuring radio-activity of niinei’als : inetliods of radio-active )ii'os))ecting ; 
:analy.sis and interjirotation of results. 

LuhornUiry. —Detonninatiou of radio-activity of min<-ials. 

Field llbirh.— Afeasureinent of radio-activity on radio-active veins and fissures. 

Geolhermal InrestAgaliona .—The thermal gradient; its cause and relation to the internal heat 
■of tile earth ; effect of conductivity of rochs, volcauic processes, water cireulat-ion, chemical 
reactions and physical factors on the gradient; influence of surface temperature.? and surface 
■reliefs; instruments and their Use m geothermal investigations; application of the methods, 
re.siilts and interjiretations. 

Kescarch in any one of the follo^uing :— 

Magnetic, 

(Iraviinetric, 

Kleutrica!, 

Seismic, 

Radio active. 

(leotiiorinal Method* of IVosf.iectiiig. 

(iv). LABORATORY FQOIPMFNT. 

,1. DIVISION OF CEOPHVSIOS PROSPECTING. 

Majinetic Rahoratory.--^-Vertical Sclnuidt magnetometer-s or Askania tyjies; Horizontal 
Schmidt magnetometers or Askania types ; Knuip'ucnt for deteinnining Scale values and mag¬ 
netic momints; Heating apparatus for inaguetoineters ; Askania-Rotary inclinator with Zeiss 
Loop Galvanouieter ; Astatic magnetometer for automatic recording of temperature coefllcienfs 
•of magnets ; Deflection magnetometer for det.ermin.ation of magnetic properties of rocks ; Ecjuip- 
ment for photograpliic recording of magnetic daily variations. 

•OraviialioH PrODpecting Laboratory. 

Askania Gravimeter (hy Graf). 

(measures gravity diff. to O-I mg, and has a raugo of 1 ,(100 mg., over which the scale is 
linear). 

Frost Gravimeter. 

Re;im type o' toi'sion balance (American .-iskania Co.) ; 

Erpiipraent for terrain correction ; Instrmneuts for the treatment and standardisalion of 
torsion wii^e.s. 

Electrical Pro.spccthq Laboratory. 

Gish-Rooney Four Teniiinal outfits with commutators ; 

Raconi Outfit ; 

Potentiometers and milliainmeters ; 

Self Potential Equipment; 

Gasoline engine ; 

500 cycle A. C. Generator ; 

Buzzer generator ; 
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Apparatus for the deteriniiiation of resistivity of rocks at various frequencies ; 
Equipment for equipotential line method ; 

Equipment for electromagnetic and inductive methods ; 

Concrete tank for model experiments. 

Seismic Pros-pe.cii'ng Laboratory. 

iSchweydar mechanical two-component seismographs with recorders; 
Composite radio transmitters and receivers ; 

Blasting eqnijjinent; 

Standard sets of geophones ; 

Push-pull recording geophones ; 

Elec trod ynani ic seismographs. 

Hadio-Active Laboratory. 

Amhronii Emanometor ; 

■ Laboratory equipment for radio-active tests ; 

Beta-Ray Speetrograpli. 

lOeothermal Prospecting Laboratory. 

One deep well temperature machine, TJ. S. G. S. pattern. 

II. DIVISIOISI OF PHYSICS. 

Jtadio and Electronics Laboratory .— 

Alternating Curi'cnt:— 

1. A. C. Impedance Bridge with accessories ; 

2. Calibrated radio frequency oscillator ; 

3. Calibrated audio (beat frequency) oscillator. 

4. L. F. Attenuator ; 

.T, 'I’liermionio Valve Voltmeter : 

(5. D. C. and A. C. Meters ; 

7. Calibrated variable air condensers; 

8. Assorted Valves and components. 

•Oemral Physics and Electrical Laboratory. 

Photographic Laboratory. 


HI. DIVISION OF GEOLOGY. 

'Geological Laboratory. 

COSTS. 

Within the limited time at disposal and also owing to postal strike and the abnormal 
■situation in Calcutta, it has not been possible to work out in full details the cost of equipping the 
various laboratories to be set up under the Institute so far as geophysical laboratories are con¬ 
cerned. The foregoing list of apparatus has been prepared on the basis of the Geophysical De¬ 
partment of the Colorado School of Mines, Golden, Denvar. The geophysical equipment of that 
Department, it is reported in one of the quarterly issues of the School of Mines, represents an 
investment of 25,000 dollars or about Rs. 1,00,000. This Department was, however, built in 
1926. Owing to inflation and increased price of scientific instruments, to which should be adde<l 
import duties, the cost of equipping the laboratories for teacliing and research in geophysics may 
amount to Rs. 2,50,000. Another sum of Rs. 1,50,000 will be necessary for equipping general 
physics, radio and electronics and geological laboratories and also an up-to-date machine shop, 
capable of undertaking repair work and manufacture, to a certain extent, of common instruments 
for geophysical exploration. This will, therefore, involve a capital expenditure of Rs. 4 
lakhs approximately towards laboratory equipments. 
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(t) staff requiremfsts 


I. Division of Physics . 


II. Division of Mathematics . 


III. Division of Geology , 


IV. Division of Geophysics 


V. Machine Shop 


VI. Library and Intelligence . 


VII. Ministerial 


Director ......... 1 

(An eminent geophyaioiat). 

Personal Assistant to Director ..... 1 

Professor of Physics ...... 1 

Lecturer in Physios ....... 2 

(One specialising in Radio and Bleetronies). 

Scientific Instructors . . . , . . . 2 

Professor ......... 1 

I.ecturora ........ 2 

Instructor (specialising in Engineering drawing) . 1 

Professors (one should be Professor of Mineralogical 
Chemistry) ........ 2 

Lecturers ......... 2 

Field Geologists (Lecturer’s grade) .... 2 

Scientific Instructors ....... 2 


Professors (one should be a specialist in Seismology) 
Lecturers ........ 

Scientific Instructors ..... 


Reaearnh Staff in Geophytics — 
Senior Scientific Officers 
Junior Scientific Officers 
Scientific Assistants 
Research Scholars 


(a good number)' 


Foreman and Chief . 

Instrument Maker 
Senior Mechanic 
Blectrioian 
Draftsman—Designer 
Draftsman—Lithographer 
Mechanics 

Librarian . 

Assistant Librarian . 

Clerks 
Statistician 
Editor of Ihiblications 

Office Suimrintendent 
Accountant , 

Senior Clerks . 

Junior Clerks , 

Stenographers and Typists 
Menial Staff . . 

(Peons, Orderlies, Laboratory-bearers, porters, watch 
men, sweepers, etc.). 


1 

2 

1 

2 

1 

1 

4 

1 

1 

4 

1 

1 

1 

1 

2 

4 

5 
15 


Total personnel' 


89 
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Director . 

ProfeBsor . 

Lecturer . 

Pield Deologiat . 

Senior Soientiflo Officer 
Junior Scientific Officer 
Scientific Assistant 
Scientific Instructors . 
Poreman . 

Instrument Maker 
Senior Mechanic 
Electrician 
Draftsifian 
Mechanic . 

Librarian . 

Assistant Librarian 

Office Superintendent 

Accountant 

Editor of Publications 

Statistician 

Senior Clerk 

Junior Clerk 

Stenographer 

Typist 

Menial Staff 


1 

6 

10 

2 

4 

6 

8 

0 

1 

2 

1 

1 

2 

4 

1 

1 

1 
1 
1 
1 

2 
8 
2 
3 

15 


Besmrch Scholarships — 


Senior 

Junior 


ivii) Houaim hequirements. 


A. Director’s Office and the AdminUlrative Bloch— 


Director's Room ....... 

Conference Room ..... 

Personal Assistant ...... 

Office vSuperintendent ..... 

Accountant ... ... 

Oencral Office (for clerks, stenographers, typists, etc.) 
Visitors Waiting Room . . . . . 


Grade; 

Rs. 

1,500—100—3,000 

800—25—860—35—1,250 

S60—25—650—30—700 

350—35—550--30—700 

350—25—550—30—700 

250—25—600 

150—20—460 

150—20—460 

350—25—650—30—700 

250—25—500 

12.5—15—350 

125— 15—350 
125—15—850 

60—5—00 

350—25—650—30—700 

160—20—460 

260—26—600 

150—20—460 

360—25—560—30—700 

250—25—500 

126— 5—180—10—300 
100—6—175 

125—5—180—10—.300 
100—6—176 
20—1—35 


Rs. 250 
Rs. 150 


Square feet. 

20x20= 400 
25x20= 600 
20x10= 200 
15x10= 150 
15x10= 300 
20x50=J,000 
20x 15= 300 


2,850 


B Library and Intelligence — 

Librarian’s room ...... . . 20x 10= 200 

Assistant Librarian ....... . 16x10= 1,50 

Editor of Publications ..... . 20x10= 200 

Statistician . . 20x 10= 200 

Office. 20x20= 400 

Reading Room ... 26x20= 500 

Stock Room. 1,000 


2,650 
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C. Lecture Booms — 

Square feet. 

Lecture Rooms (5) ......... 5x25x20=2,500 

Conference Room ..... .... 50x20=^1,000 

Students Common Room ........ 25x20= 500* 

4,000* 

D. Machine Shop — 

Foreman’s Room ....... . 20x10 = 200* 

Instrument-Maker’s Room ........ 25 X 20= 500 

Drawing Room .......... 25x20= 500 

Workshop Tools Room ......... .50x20=1.000 

Glass Blowing Room ......... 20x20= 400 

Stores Rooms (2) ......... 2x25x20=1,000 

Central Power Supply Room ........ 1,400- 


5,000* 

E. Division of Geophysics — 

Professors'Booms’(2) . . . . . . . . . 2x20x15= 600* 

Lecturers’ Booms (4) . . . . . . . . . 4X 15x 10= 600 

Senior Scientific Officers’Rooms (4) ...... 4x16x10= 600 

Magnetic Laboratory . . . . . . . . . 25x20= .500' 

Electrical Laboratories (2) ........ 2x26x20=1,000 

Model Tank Experiment Laboratory ...... 25x20= 600* 

Gravitational Laboratory ........ 25x20= 500* 

Dark Room .......... 15x10= L50 

Constant Temperature Room ....... 15x10= 150 

Seismic Laboratories (2) . . . . , . . . 2x25x20=1,000' 

Completely shielded recording and screen rooms (2) . . . . 2 x 20 x 20 = 800 

Dark Boom.. 15x10= 160. 

Radio-Active Laboratory ........ 25x20= 500 

Geothermal Laboratory ........ 25x20= .500 

Bock testing Laboratory . . . . . . . 25x20= 500 


8,050 

F, Divison of Physics — 

Professor’s Room . . . . . . . . . . 20x15= 300 

Lecturers’Rooms (2) ......... 2x15x10= 300 

General Laboratory ......... 25x20= ,500 

General Electric Laboratory ........ 25x20= 500 

Radio and Electronics Laboratories (2) ...... 2x25x20=1,000 

Photographic Laboratory ........ 25x20=600 


3,100 

Q. Division of Geology — 

Professors’Rooms (2) ......... 2x20x16= 600 

Lecturers’Rooms (3) . . . . . . . . . 3x15x10= 450* 

Geological Laboratories (3) . . ..... 3x25x20=1,500 

Laboratories of the Mineralogical Chemist (2) .... 2x25x20=1,000 


3,660 
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H, Diviaim of Malhemalica — 



Square feet. 

Professor’s Ilooro .... 



20x1.6= 300 

Lecturers’ Itooma (2) . 

. . * 


2x15x10= 300 

Engineering Drawing Room . 

Miscellan ro u s — 



25x20= 600 

1,100 


Garage for houaing trucks (4) fitted w^ith gravimeters and seismic ins¬ 
truments, etc. ......... 4x300=1,200 

Eestiiurants .......... 2x400= 800 

2 , 000 ' 

Total Rtiquireme,nl,s— 

Square feet. 


Block .A. 2,8r>0' 

„ B. 2,650 

„ G. 4,000 

„ 0.. 6,000 

K. 8,050 

„ F. 3,100 

„ G. . . . .. 3,650 

„ H. 1.100 

,. Miwc'Ianeou.H. 2,000 


'fOTAt . . 32,300 


MGIPO -M—XI-1-59—29'-4-48—600. 



















Mean annual chaotges of declination plotted against time. Dliart i 
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